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Baton Rouge, La., Aug. 31, 1909.
The Agricultural Experiment Stations, supported by the
Hatch and Adams funds of the national government, have not
devoted very much attention to problems of mechanical engineer-
ing. The work upon which the following bulletin is based
invades practicalh" a new field, and the following preliminary
statement is deemed advisory.
In the instruction given in the course in sugar engineering
of the University, Professor E. W. Kerr, Professor of ^Mechanical
Engineering, was unable to obtain accurate data upon many of
the specific problems that were to be considered in the course of
instruction. Accordingly he made arrangements for carrying on
some preliminary investigations regarding the operation of sugar
house machinery, to secure data for the use of his students.
We found that some of this data was of very great interest to
the sugar planters of the State, and arrangements were made
with Professor Kerr for the publication of Bulletin No. 107,
Preliminary Tests of Sugar House Machinery." This bulletin
was received very kindly by the sugar planters, and we were
encouraged to push the work further.
The Cjuesticn of the use of bagasse as fuel seemed to be one
of the problems that called for investigation and arrangements
were made with Professor Kerr to take up this work. Yv^e soon
found that it was necessary to have an assistant, and ^Ir. E. M.
Percy, a graduate of the Sugar Engineering course of the Uni-
versity (class of 1908), was employed to assist in securing the
data given in the following pages. ^Ir. Percy has taken great
interest in the work and has been untiring in his efforts to con-
tribute to its efficiency and completeness.
The producer of cane is generally a manufacturer of sugar,
and, as there are no public institutions making research along
mechanical lines effecting problems of the cane sugar house, it
has been decided to establish a Mechanical Department of the
Experiment Stations, and arrangements have been made by
which Professor Kerr will give one-half of his time in the future
to the work of the Experiment Stations in the solution of engin-
eering problems of the sugar houses. This work will be con-
ducted under the provisions of the Adams Act of the Nationd
Congress, so that we may confidently expect the continuation of
the work until the more urgent problems have been given a+-en-
tion.
Ver}^ respectfully,
W. E. DoDSO^',
Dean and D^'ector.
INTRODUCTION
During the last few years the writer, who has charge of the
instruction of students in the engineering branches of the Audu-
bon Sugar School, has visited a large number of sugar factories
in Louisiana for the purpose of gathering data and information
for classroom use. In these visits he has been particularly struck
30th the lack of uniformity in the methods employed-fQr_utilizmg^
^^asse as a fuel both as to the form and proportions as_welLas
the manipulation of the furnaces. No Jess striking is the varia-
tion in the quantity of extra fuel oil required per ton of cane in
the different houses. A house of 1000 tons capacity per 24 hours
requires, for economical operation, at least 1500 boiler horse
power. A well designed house in Louisiana will generate two-
thirds to three-fourths of this power with bagasse alone, though
the average house does not utilize its bagasse so well, and the
fuel oil bills run correspondingly high. The oil consumption
varies from about five gallons per ton of cane to twenty or more
gallons, depending mainly upon the arrangement and size of the
plant, also the kind of product manufactured. Taking a 1,000
ton plant as a unit this means a total of say $7500 for oil per
season in the most economical plants, in the neighborhood of
$25,000 for the plants operating under the most unfavorable con-
ditions, and probably fifteen to twenty thousand dollars in the
average house. These figures, though approximate, indicate the
importance of the question.
It must not be forgotten, however, that the bagasse furnace >^
is only one of a great number of parts of a sugar factory, the
improper design or operation of which may result in excessive
oil consumption. As instances of conditions other than those in
the bagasse furnace leading to excessive heat losses, we may men-
tion boilers of poor design or which by lack of care have accumu-
lated soot or incrustations upon their heating surface ; long lines
of poorly arranged and uncovered steam piping ; failure to pro-
vide fully for the utilization of the heat in the exhaust coming
from the engines of the house; absence of feed water heaters;
failure to use all of the water of condensation from steam piping,
evaporators, pans, etc. ; the use of mill and other engines extrav- \
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agant in tho use of steam; evaporation in open vessels. Many
houses on account of having been built up from relatively small
beginniiigs, have a large number of small pumps and engines.
In other ^\-ords, there is a large number of small steam cylinders
where a smaller number of large steam ones might have been
used. It is a well known fact that there is proportionately much
larger loss cf steam by condensation in small cylinders than in
larger ones. As examples of extreme conditions in this respect,
ilie :Yr/c3i' knov/s of two very large factories, one of which had
40 steam cylinders per 1000 tons capacity and the other less than
six cylinders for the same unit of capacity. The steam con-
sumption is also affected by the system of clarification used, the
open pan clarifiers consuming more steam than those using closed
heaters, on account of the greater loss by radiation.
Another source of considerable steam loss is caused in some
factories where the juice is boiled after clarification in open pang
before passing to the effects. The steam consumption is affected
by the nature of the final products of manufacture. These vary
considerably, the practice in Louisiana tending toward more re-
boiling than in the tropics. Some of the houses make first, second
and third sugars which results in an excessive consumption of
steam on account of the three boilings and the increased amount
of centrifugal work. Other factories produce only a first sugar
and a salable molasses which reduces the steam consumption
materially by avoiding two boilings and two centrifugalings.
The boiling of the strike of a ten foot pan requires from
25,000 to 50,000 pounds of steam, depending upon the nature
of the product boiled and the duration of the boiling. Macera-
tion increases the fuel consumption because it increases the
amount of steam required to evaporate the greater quantity of
juice and because with the greater resulting extraction, the fuel
value of the bagasse is lowered.
It is rather common to attribute the fuel losses in a
plant to the bagasse alone, when in fact, the trouble
is often to be found in poorly arranged and poorly oper-
ated oil burning furnaces. The writer is inclined to believe
that this is a source of great unnecessary fuel consumption and
deserves equal consideration with bagasse burning. Of course
the size of a plant has much to do with the steam consumption
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and therefore the quantity of fuel oil per ton of cane ground,
the smaller the plant the greater the consumption. This is prin-
cipally due to the fact that the losses of steam condensation are
greater in smaller houses which have, as a rule, smaller steam
pipes, steam cylinders, etc. The condensation in a pipe, other
things being equal, is proportional to its radiating surface—that
is, its circumference, while its capacity for carrying steam is
proportional to the internal cross-sectional area. The ratio of the
circumference to the area is greater for small than for large
pipes—for instance, in a 2 " pipe the circumference and area are
respectively 6.28 and 3.14, the ratio being |^ = 2 while fur
an 8" pipe we would have a ratio of =.5 about. The
reasons for increased condensation in small cjdinders are essen-
tially the same as those just given for small steam pipes. In
view of the different conditions named above, prevailing in
different houses and affecting the steam consumption, it is evident
that
'
' gallons of oil per ton of cane ' ' cannot serve as a unit with
which to measure the efficiency of bagasse furnaces, but rather
that of the whole plant. A sugar house might have the very
best and most efficient bagasse burners together with a poorly
arranged or small house and have an oil consumption of twelve
gallons of oil per ton of cane. On the other hand, a poor
bagasse burner in an otherwise well planned house, especially
if it were a large one, might give an oil consumption of five or
six gallons of oil per ton of cane. However, even though the
combinations named above are possible and really exist in numer-
ous houses, it should not be concluded that the furnace can be
neglected. On the other hand, very little reflection will convince
us that it is the most important part, as far as fuel economy
is concerned, of the plant as regards both design and operation,
especially the latter. Once a steam engine is installed in a plant,
there is little the operator can do that will affect the economy,
no matter how much that economy might have been affected by
the design. In the case of the boiler and furnace, however, we
have that the efficiency depends not only upon the original design
but more upon the manner in which it is operated, the skill of
the fireman being the controlling factor.
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OBJECTS OF THE INVESTIGATIONS.
In view of the above points of consideration it was decided to
conduct a series of investigations the object of which should be
to gain a thorough insight, by general observation and by tests,
into the methods used in Louisiana for utilizing the heat from
bagasse. After the completion of the investigations in the Louisi-
ana houses it was decided to extend the work to Cuba also. It
will be evident upon consideration that investigations with the
objects stated above must be such as will eliminate from consid-
eration everything excepting the fuel and the furnace. The gen-
eral method of judging as to the performance of a boiler and
furnace is, what is known as, the evaporative test the main
objective of which is pounds of water evaporated from and at
212 deg. per pound of fuel. This method of testing, however,
can only be used in determining the efficiency of the boiler plant
as a whole, the results of the test depending as much if not more
upon the boiler as upon the furnace. It was therefore decided
to formulate some method of testing that would give definite
information as to the conditions existing in the furnace, eliminat-
ing the boiler, as far as possible. In order to make as clear as
possible the reasons for determining upon the line of investiga-
tions subsequently pursued and which are fully described later,
some of the main principles involved in boiler operation will
be discussed.
BOILER PLANTS IN GENERAL.
Explanation of Principles.—Before taking up the discus-
sion of the subject proper, a few terms that will be used fre-
, quently in the following pages will be explained briefly.
Temperatures will be referred to in terms of degrees Fahren-
heit. According to modern theory heat in any substance, whether
that substance be solid, liquid or gaseous, accompanies a vibra-
tion of its molecules, and the intensity of this molecular vibra-
tion is measured in temperature, the English unit for which is
the degree Fahrenheit. It should be clearly understood that
temperature is not a measure of the quantity but rather of the
intensity of heat. As an example let us consider two cubes of
hot iron, one weighing 20 pounds and the other 40 pounds. Their
temperatures may be exactly equal and yet the quantity of heat
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in them will not be the same. The unit of measurement of heat is
the British Thermal Unit (B. T. U.), which is the quantity of
heat required to raise the temperature of one pound of water one
degree Fahrenheit. Since it takes different amounts of heat to
make this change at different elevations of temperature a more
exact definition of a B. T. U. is the heat required to raise one
Specific heat is the capacity a substance has for heat or in
more exact terms, it is the number of British Thermal Units
required to change the temperature of the substance one degree
Fahrenheit. The specific heat differs for different substances,
that for pure water being taken as a unity. To determine the
number of B. T. U. required to change the temperature of a
pound of a given substance, through a given number of degrees
temperature we multiply the change of temperature in degrees
by the specific heat. Take as an example, the two cubes of
iron mentioned above. The specific heat of iron, as found in
tables, is .12. Suppose the temperature of the 20 lb. cube to be
200 deg. and its final temperature 300 deg. The change
in temperature is 100 deg. and the B. T. U. required to make
the change is 100x.l2=12 and for 20 pounds 12x20=240 B. T. U.
It is evident that it will require exactly twice this amount to
raise the temperature of the 40 lb. cube the same amount. If
there had been 20 lbs. of water instead of iron the heat required
to change the temperature 100 deg. would have been
100x1x20=2000 B. T. U., the specific heat of water being unity.
An important application of the above principles is found in the
conversion of water into steam. If heat is added to a pound of
water at 32 deg. its temperature rises until the boiling tempera-
ture is reached, the B. T. U. required to do this being equal to the
boiling temperature minus 32 deg. multiplied by the specific
heat which may for all practical purposes be taken as 1. This
boiling temperature is 212 deg. provided the water is in an open
vessel—that is, under atmospheric pressure, which is 14.7 lbs.
approximately. For other pressures, however, the boiling tem-
perature varies. For instance, it is 337 deg. in a boiler at 100
lbs. gauge pressure and 126 deg. in the second body of a double
effect working with a vacuum of 26 inches of mercury correspond-
ing to a pressure of about 2 lbs. per square inch. The boiling
temperature for different pressures may be found in the steam
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tables provided in text-books, also in many of the trade catalogues
of boiler and pump manufacturers.
Returning again to the pound of water, after heat sufficient
to raise it to the boiling point has been added, further addition
of heat causes evaporation to commence, the temperature remain-
ing constant until the entire pound has been evaporated. The
heat added during this change, at constant temperature, is
called ''latent heat" or ''heat of evaporation." The heat re-
quired for the complete change from 32 deg. to dry steam at
the boiling point is called "total heat." Both the latent heat
and the total heat for different pressures may be found in the
steam tables.
For example
: Let us calculate the heat required to convert a
pound of water at 60 deg. F. into dry steam at 100 lbs. gauge.
Adding 14.7 we have an absoMte pressura of 100+14.7=114.7 lbs
Referring to the steam tables we find that the temperature cor-
responding to this pressure (which means boiling temperature)
is 337 deg., and that the latent heat is 876. The heat required
to raise the temperature of the water to the boiling temperature
is IX (337—60) =277 B. T. U. Adding to this the heat reiuirei to
evaporate the pound we have 277+876=1153 as the B. T. U.
required to convert one pound of water from a temperature of
60 deg. into dry steam at 100 lbs. gauge.
Dry or saturated steam is that which has no moisture in it or
in other words, is saturated with heat. Wet steam on the other
hand has moisture in it which has not been evaporated. Steam
of 95 per cent quality means that 5 per cent of the moisture has
not been vaporized. If in the above problem we substitute "95
per cent dry" for "dry" the total heat required will be
277-1-876 X.95=1109 B. T. U. per pound. If after the pound
of water has been completely vaporized, we add more heat, the
temperature will rise above that shown in the steam tables which
deal only with dry steam. Steam with the temperature thus
increased is called "superheated steam." The heat in B. T. U.
required to superheat is obtained by multiplying the number of
degrees of superheat by the specific heat of superheated steam
which may be taken as .5. For example, let the above problem
be changed to read, find the B. T. U. required to change one
pound of water from a temperature of 60 deg. F. into steam
Louisiana Bulletin No. 117 9
at a pressure of 100 lbs. gauge and a temperature of 437 deg. F.
The total heat required will be 277+876+.5 (437—337) =1203
B. T. U. Only a step further is required to exhibit the method
of determining the value of a boiler H. P. According to the
A. S. M. E. Standard, this is the evaporation, in one hour, of
34 1-2 pounds of water from a feed water temperature of 212
deg. into dry steam at 212 deg. (usually designated as ''from
and at 212 deg."). The heat required to effect this change is
evidently the latent heat at 212 deg. which, from the steam
tables, is 965.8. The heat value of a H. P. in B. T. U. is therefore
965.8X34.5=33320 per hour. For example, suppose a boiler
to evaporate 3000 pounds of water per hour from a feed water
temperature of 60 deg. into dry steam at a perssure of 100 lbs.
gauge. The total B. T. U. supplied to it per hour will be (see
first example above) 1153X3000=3459000 and the horse power
will be =103.8. If this boiler had converted the same
weight of water into steam 95 per cent dry the H. P. would
have been ^^^!o'!!!^^ -=99.3. If the same weight had been con-
verted into steam at a pressure of 100 lbs. gauge and temperature
of 437 deg. the H. P. would have been ^[^^=108.3.
Analysis of the Processes in a Boiler Plant.
The processes of a boiler plant may be divided into two
general parts, the generation of heat and the transferrence of the
heat to the water. Of these, the first is of greatest importance
and is most difficult to obtain efficiently. In carrying out this
part of the operation, a fuel must be burned, the quantity of
heat per pound and the size of the grate, depending upon the
heat value and density of the fuel. The net heat value of the fuel
depends upon the quantity of moisture and ash in it. To burn
any fuel oxygen must be supplied and in order to get the entire
heat value enough oxygen must be supplied for complete oxida-
tion. This means that arrangements must be made for a supply
of air with pressure great enough to insure intimate mixture of
air and fuel. At the same time the air supply should not be so
great as to unnecessarily cool the furnace and fire. As the heat
of the fire drives off gases some of which are not burned at the
grate, that part of the furnace back of the grate must be of such
10 Louisiana Bulletin No. 117
form as will facilitate the further complete burning of these
gases. To carry out the second part of the process, viz that of
the transferrence of the heat generated to the water, it is neces-
sary first of all, to so confine the heat generated that it can not
pass away until after it has remained in contact with the heating
surface a sufficient time for its absorption. The flow of heat
from one body to another depends upon the difference in tem-
perature of the two bodies, the flow being always from the body
of higher temperature to the body of lower temperature. It is
evident therefore that this flow of heat from the gases through
the metal walls of the boiler to the water will be greatest when
there is a maximum of difference between the temperature of
the furnace and of the water in the boiler which difference is
produced with a maximum furnace temperature and minimum
water temperature. The rate of flow of heat per unit area
through the heating surface is also dependent upon the clean-
ness of the metal walls and it is therefore important to keep
the inside and outside of same free from soot and scale. Finally,
since one square foot of heating surface can transmit only a cer-
tain number of heat units per degree of difference of temperature
per hour it is evident that the heat generated should not be so
great that only part of it can be absorbed—that is, the amount
of heating surface should be properly proportioned with the fuel
burning part of the plant. The most efficient transferrence of
heat from gases to water will of course result in the greatest
lowering of the temperature of the gases and this means that a
low smokestack temperature indicates efficient work.
FUELS AND COMBUSTION.
The principal heat producing elements of fuels are carbon
and hj^drogen which exist in different proportions with oxygen in
different fuels. Of these, carbon is the more important, the quan-
tity of this element existing in a fuel largely determining its
value. In addition to the elements named above, all fuels con-
tain more or less moisture, other organic substances also incom-
bustible elements which produce ash. Fuels may also be classified
according to the amount of volatile matter, in the form of
hydrocarbons, driven from them during combusion. In general
it may be said that solid fuels rich in carbon have little volatile
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matter and that those poor in carbon have much volatile
matter. As an example of the former, we have anthracite coal,
and of the latter, bituminous coal or lignite, wood, etc. Fuels
rich in carbon' usually burn with little flame, while those
ric in volatile matter burn with much flame. The fuels with
large bulk, such as wood, tan bark, straw, bagasse, etc., all pro-
duce much flame. In general it may be said that the existence of
much flame is an indication of low heat value.
Bagasse, as it comes from the cane mill, consists of water,
woody fiber (cellulose), sucrose, glucose and other solids in
varying proportions, depending upon the quality of the cane
crushed, as well as upon its treatment in the mill. The amount
of moisture depends upon the number of crushings and the
pressure applied in crushing, varying approximately from 40
to 56 per cent. The quantity of sugar in the bagasse (extraction),
depends, in addition to the above, upon the maceration, the more
thorough this being done the less sugar there is in solution in
the moisture contained in the bagasse. The extraction in Louisi-
ana varies roughly between 70 and 80 per cent, the probable
average being about 78 per cent. In Louisiana the fiber in the
cane which furnishes the larger part of the heat for combustion is
about 10 per cent of the weight of the cane. This small value is
due to the fact that the cane must be cut before maturity on
account of early frosts. In the tropics, however, where the cane
may be allowed to grow to maturity,the fiber is greater,being from
12 to 20 per cent, though 12 per cent is probably a fair average.
Columns 1-4 in Table A show the composition of unmacerated
bagasse with different extractions, the first resulting from cane
with 10 per cent fiber as found in Louisiana, and the second
for cane with 12 per cent fiber, as found in the tropics.
The sum of the sugars, non-sugars and fiber is called ''total
solids. '
' As stated above fiber is cellulose, a compound composed
of carbon, hydrogen and oxygen, its formula being C6H10O5
with atomic weights of 12, 1 and 16 respectively, and a molecular
weight therefore of 6X12+10X1+5X16=162. Hence the per-
cent carbon is 100 ^ =44.4. In the same manner the percentage
of hydrogen is found to be 6.17 and that of oxygen 49.38. The
following formula for sucrose, another fuel constituent of bagasse
is C12H22O11, and a calculation similar to that just made
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for cellulose shows 42.1 per cent carbon, 6.43 per cent hydrogen
and 51.46 per cent oxygen. It should be noted that in the for-
mulas for both cellulose and sugar, the hydrogen and oxygen
exist in the proportions (two of hydrogen and one of oxygen)
to form water upon combustion, but as will be explained later,
without formation of heat. Returning to the carbon in the
bagasse, let us consider a sample of bagasse resulting from a 75
per cent extraction from cane of 10 per cent fiber as found in the
above table (A). This bagasse consists of 51 per cent water, 40
per cent cellulose and 9 per cent sugars and non-sugars. Using
the percentages of carbon deduced above and neglecting the
small amount of non-sugars, we have .40X.444+.09X.421=
.2146-^21.46 per cent carbon as based on the wet bagasse. This
shows the small percentage of carbon in a pound of wet bagasse.
Table A is calculated for unmacerated mill bagasse only, the
items being computed on the assumption that cane consists of
water, fiber and sugar, only, and that the juice in the bagasse
has the same composition as that extracted. Summarizing, one
pound of the bagasse will contain approximately
:
Free moisture 51.0%
Moisture of formation, from sugar, 55.6X40. . . 22.0%
Moisture of formation, from sugar, 67.9X9- • • • 6.0%
Total moisture 79.0%
Carbon from fiber 17.7%
Carbon from sugar 3.8%
Carbon total 21.5%
COMBUSTION.
Combustion is a process of oxidation and this oxidation or
act of com-bining with oxygen is accompanied by the liberation
of heat, the intensity of which is proportional to the rapidity
of oxidation. The quantity of heat liberated by a piece of iron
taking months to oxidize (rust) is the same as that which would
have been liberated during combustion at white heat in a few
moments. Carbon and oxygen may combine in the proportions
one atom of carbon to one atom of oxygen to form carbon
monoxide CO, evolving 4600 B. T. U. per pound of carbon. This
combination is due to incomplete combustion on account of lack
of oxygen.
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Carbon also combines with oxygen in the proportions of one
atom of carbon to two atoms of oxygen to form carbon carbon
dioxide, CO2, provided there is a sufficient supply of oxygen. In
this case 14600 B. T. U. are produced per pound of carbon and
the combustion is said to be complete.
Hydrogen combines with oxygen in the proportions of two
atoms of hydrogen to one atom of oxygen to form water, HgO,
evolving 62000 B. T. U. per pound of hydrogen, provided the
water of formation is cooled to 32 deg. Fahrenheit.
Marsh gas or Methane, CH^, combines with oxygen to form
H2O+CO2 and in doing so evolves 23513 B. T. U. per pound.
This gas is the principal of the many hydrogen carbons, known
as volatile gases, driven off from fuels when first coming in con-
tact with the fire. The heat values named above have been de-
termined experimentally by burning known quantities of the sub-
stances and measuring their effect, generally in raising the tem-
perature of a known quantity of water. It- will be noticed, how-
ever, that, so far, we have considered, mainly, the heat value of
single elements. Most fuels contain several elements afid to
determine their heat value we must determine the heat due to
their combination during combustion. This may be done experi-
mentally by burning a known weight of it in a calorimeter as ex-
plained above for single elements or by determining the quantity
of each of the constituent elements by a chemical analysis, from
which the heat value may be calculated by the use of formulas.
The first method named is the better but requires costly instru-
ments. The second is fairly accurate and can be done in a
chemical laboratory. The formula generally used for the latter is
Q=14600C-|-62000(H—
~^-) in which Q is the heat value in B. T.
U. of one pound of the fuel analyzed. This formula is due to
Dulong and is based upon the assumption that the heat gen-
erated by a fuel during combustion is equal to the sum of the
possible heat^^ generated by its component elements, less that por-
tion of the hydrogen which might form water with oxygen of the
fuel. C, II and 0 represent the proportions of carbon, hydrogen
and oxygen in a pound of the fuel. For example, a coal giving
a chemical analysis of 60 per cent carbon, 5 per cent hydrogen
and 10 per cent oxygen would have, according to the above form-
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Tila, a heat value of Q=M600X.6+62000 (.05-^ ) =11088.7 B.
T. U. Using the analysis of dry bagasse, given on page 11 of 44.4
per cent carbon, 6.17 hydrogen and 49.38 oxygen we find by
Dnlong's formula that the theoretical heat value of a pound of
cellulose is 14600X.444+62000 (0.0617— )=6482 B. T. U.
A similar calculation for sugar, the analysis of which is also
found on page 12 gives a value of 6126.6 B. T. V. It should be
noticed in the above calculation for cellulose that the quantity
in the parenthesis is zero which means that the oxygen and hydro,
gen in the fuel are in the proportions to form water so that the
carbon only, produces heat. The same thing would hold also for
sugar. In a paper read several years ago before the British Insti-
tution of Civil Engineers by Stahlman and Langbein it was
stated that they had found, by calorimeter tests, that cellulose
gave a heat value of 7533 B. T. U. per pound, also that sucrose
and glucose gave 7120 B. T. U. and 6748 B. T. U. respectively.
In order to show the manner of calculating the heat value of
bagasse, using this data, let us assume a sample mth the fol-
lowing composition: water 42.8 per cent, fiber 50 per cent, su-
crose 6 per cent, glucose 0.25 per cent and other organic matter
1.25 per cent. Assuming that the organic^atter has the same
heat value as the fiber, tSe gross heat vaKie. of one pound of
bagasse would be .5X7533+.06X7120+:0025X6748+.0125X
7533=4307.7 B. T. U.
It should be thoroughly understood, however, that a portion of
this heat is consumed in converting the 42.8 per cent water into
steam and raising its temperature to that of the stack. Assume
that the temperature of the bagasse as it reaches the furnace is
70 deg. F. and that the stack temperature is 500 deg. F. The
heat required to convert the moisture into steam at 14.7 lbs. (the
pressure in the furnace) is (212—70+965.8)0.428=454.13 and
that for superheating is 0.5 (500—212) =144, making a total of
454.13+144=598.13 B. T. U. Subtracting this from the gross
thermal value we have 4307.7—598.13=3709.6 B. T. U. as the
net thermal value of a pound of the bagasse under consideration.
If it is possible the heat value can be better determined by burn-
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ing a sample of the bagasse itself in a calorimeter. A number of
such determinations have been made, the results in most cases
being considerably higher than the calculated values.
^
Calorimeter tests of dry bagasse from sixteen different mills,
/made b}^ the author, gave an average of 8375 B. T. U. per pound
of dry matter. Taking the bagasse just calculated, there is a
total of 0.50+0.06+0.0025=0.5625 pounds of dry matter. The
heat value of the wet bagasse would therefore be 8375X0.5625=
4711 B. T. U. and the calculated value is ^^^^4^ X 100=8.54711
per cent less than the calorimeter value. The values in column
5 of table A were calculated on a basis of 8375 B. T. U. per
pound of dry matter in bagasse. The above discussion and calcu-
lations have been based upon complete combustion, otherwise the
values would be lower.
Furnace Conditions for Complete Combustion.
If the conditions in the furnace are not proper the carbon,
as stated before, may burn to CO instead of CO2 causing a loss
of about two-thirds the possible heat value ; or some of the hydro-
gen or hydrocarbons may pass away unburned. It will now be
in order to discuss some of the conditions necessary for the
complete combustion of fuels in furnaces, other things being equal
that furnace being most efficient which burns its fuel most com-
pletely. Since the incomplete combustion or burning to CO is
due to scanty air supply it is necessary to supply a sufficient
quantity of air to the burning fuel, thereby producing COg.
This may be done by means of a chimney alone, by means of
mechanical draft or by a combination of mechanical draft and
natural draft. Mechanical draft may be of two kinds, viz : forced
draft and induced draft. Forced draft is effected by supplying
air under pressure to the furnace either through hollow blast
grate bars or to the ash pit from whence it flows upward through
ordinary grate bars and the fuel. The air pressure in the case
of forced draft may be supplied by means of a rotary fan or
blower or by means of a steam jet blower, the former being most
commonly used. Induced draft is that in which a suction or
vacuum is produced in the furnace by placing a fan or steam
jet between the furnace and the base of the smokestack and thus
inducing the flow of the product of combustion toward and past
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the blower or jet. In most sugar houses a combination of natural
and forced draft is used, though in a few houses natural draft is
found. Forced draft cannot be used alone by reason of the fact
tat the hopper must remain open at least a part of the time and
issue from this and other openings.
In order to bring out the essentials in boiler furnace
combustion let us first consider briefly the fuel and fur-
nace with which we are most familiar, the proper de-
sign and operation of which has een most firmly established
by the experience and experimental investigations of a long term
of years, that of coal. Let us suppose that the fire is burning on
an ordinary grate with coal as the fuel and that normal condi-
tions obtain. The bed of coals and fire is of moderate thickness
and the fire burning well, the carbon of the fuel combines with
the oxygen of the air to form CO., (0+20=000) which is a
gas rises and passes through to the stack. If, however, the fuel
bed is quite thick a different set of conditions exist. In this case
that part of the fuel nearest the grates is in the form of hot
coals and that at the top greener fuel. The combustion is there-
fore more perfect at the bottom than at the top and with a
sufficient air supply the carbon combines with the oxygen of the
air and OO2 is formed as before. This CO2 at a high tempera-
ture then has to pass upward through the layer of greener fuel
above where it conibines with more carbon to form CO, (C+CO2
=200). This is what would happen if there is not an excess of
air. By having an excess of air enough uncombined oxygen passes
through the interstices of the fuel to combine with the 00 above
the fuel to produce 00^, (20+200=2002).
This same combination is also sought by admitting air
through openings in the fire door which supplies the oxygen
for burning the CO to COg. For the same purpose, air is often
admitted through holes in the bridge wall or through the sides
of the furnace. At the same time hydrogen and the volatile
hydrocarbons such as marsh gas, etc., are driven off from fresh
charges of the fuel and a supply of oxygen above the fuel is
needed for their cumbustion so that the air admitted through the
fire doors, bridge wall, etc., serve this purpose also. From the
above it is seen that a thick fuel bed is conducive to the forma-
tion of CO and therefore of loss due to incomplete combustion.
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This effect is also produced by throwing fuel on the fire without
spreading it evenly on the grate. In general it may be said that
the thickness of the lire should be only thick enough to prevent
the formation of holes through which air would pass.
Air Supply.
So far much has been said about the necessity for a sufficient
air supply in order to insure complete combustion. On the
other hand, too great a supply of air will result in great harm on
account of the cooling effect upon the furnace. This cooling of
the furnace is harmful both in reducing the temperature of the
furnace below that of the igniting point of some of the products
and in lessening the flow of heat from the boiler to the water,
the flow being proportional to the difference in temperature.
One of the most fruitful causes of air excess, in operation, is.
due to allowing the fire to burn through in spots so that air
passes through unrestricted without coming
,
in contact with
carbon. Thin fires are not liked by firemen for. the reason that
they have to be watched too carefully to prevent the holes..
Better results are evidently produced by supplying fresh charges
at short intervals than by heavy charges over the entire grate.
On the other hand, a thick fuel bed is a means of reducing
the excess of air and with fuels that do not clinker or cake,
better results are obtained with thick than with thin fires. In-
sufficient air supply may also be due to lack of draft. This in
turn may be due to a chimney of insufficient height or diameter
or both; also to restricted area of passages in the boiler setting
or in the tubes. The following areas are very generally adopted
:
The fractions are in terms of the grate surface. It will be
noticed that the areas for bituminous coal are greater than
those for anthracite. This is because of the greater volume of
gases produced by bituminous coal. For fuels with much mois-
ture which is converted into large volumes of steam, in addi-
tion to the other products of combustion, the areas required
are still larger. An insufficient air supply, is also caused by a
Bituminous. Anthracite.
Area over bridge wall 1-5 . 1-7
1-6 1-8
1-7 1-9
Area through tubes
Area chimney flue .
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choking of the fire which may be due to failure to stir the fire,
causing an accumulation of ashes or to a clinkering or caking
fuel, the had effects of which may be controlled more or less
by the firemen.
As stated above, too much air (''air excess") may be due to
holes in the fire, due to careless firing, which are most likely
to form at the back of the grate. It may be due also to too
much draft, caused by an excessively high chimney. It may be
said, however, that a chimney taller than is necessary for normal
conditions is a good asset as it is then possible to exercise control
of the draft by means of a damper between the furnace and stack.
In other words, it is easy to reduce the draft by means of a dam-
per, but impossible to increase it. Another cause of air excess is
that of leakage through the settmg. due either to cracks or to the
porous condition of the brick forming the furnace walls. The
latter is a source of great leakage, though it can and should be
prevented by painting the bricks. The air supply can be regu.
lated also gv manipulaticn of the draft doors, though it is better
to do this by means of the stack damper for the following rea-
son: draft is simply another word for vacuum. With chimney
draft air tiows into a furnace because the pressure in it is less
than that of the atmosphere outside and the air rushes in to
fill the void. The greaur the opening at the front of the fur-
nace the less this vacuum will be for the reason that there is
more chance for equalization of the furnace and outside pres-
sures. On the other hand, the smaller this opening the greater
the vacuum. The result of closing the draft doors therefore is
to increase the vacuum in the furnace and setting which means
a greater leakage through the cracks and pores of the setting,
over-balancing to a large extent the stoppage of the supply
through the draft doors. Closing the damper in the stack, how-
ever, decreases the vacuum in the furnaces and in this way
the inward fiow of air, without the increased leakage through
the setting which attends the closing of draft doors. It is
therefore a much more positive means of air control. With
mechanical draft we have a very convenient method of controll-
ing the air supply by varying the speed of the blower and this
is one of the advantages of mechanical draft. Its principal ad-
vantage, however, is in the fact that through it, greater rates
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of combustion (more pcnnds of fuel per sq. ft. of grate per
hour) may be obtained resulting in a decreased excess of air.
The following statement of Mr. Walter B. Snow, one of the lead-
ing experts on combustion in this country, explains the reasons
for this: "If the size of the grate is reduced but the same
amount of fuel burned by increasing the rate of combustion the
diminished area of the grate and of the exposed insterstiees
between the fuel necessitates a higher velocity to secure the
admission of a given volume of air. This increased velocity in
turn requires greater draft or air pressure. The volume at
any given temperature passing through the fuel is proportional
to the velocity, but the pressure varies as the square of the
velocity. Therefore if a given grate be reduced one-half and
the rate of combustion doubled so as to maintain the same total
eonsnmption the same volume of air would have to travel
through the exposed interstices at twice the velocity. But the
pressure would be four times as great and as a consequence
the air would be forced into spaces between the fuel which it
would not reach under less impelling force.
"
Evidence of Furnace Conditions.
Hovv^ can we determine whether there is complete combustion
in the furnace or not? One indication of it is the color of the
smoke passing from the stack. The general practice is to manip-
ulate the draft and fire in such a manner as will prevent smoke
from appearing at the top of the stack, smoke being taken as an
indication of incomplete combustion. It may be and generally
is an indication of CO instead of CO2 in the furnace. The
smoke itself is composed of minute particles of carbon which
have risen from the fuel by reason of the draft and the agita-
tion which comes with combustion. If the fire is hot enough
and oxygen is supplied above the fuel bed, particles of carbon
may be burned and the smoke prevented. It is thus noticed
that the conditions for smoke consumption are the same as
required for the consumption of the volatile hydrocarbons and
CO rising from the fuel and that where there is no smoke we
.may reasonably expect thorough combustion. The loss in the
smoke itself, however, is exceedingly small—in fact, so small that
it could be neglected. The ''no smoke sign," however, is not an
infallible means of judging furnace operation for the reason
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that although it indicates absence of CO it does not inform
us as to how much excess of air there may be. "With a large
excess of air, all of the carbon is almost sure to be burned to
00^_ -tiiat is,, complete combustion—and there will be no smoke
;
yet the loss due to excess of air may be as great or greater
than that due to the sm.all loss from CO, which goes with a
small amount of smoke. The careful fireman manipulates his
furnace so that the top of the smoke stack is on the dividing
line between no smoke and smoke—that is, a faint appearance
of smoke.
The only accurate method of determining- the conditions
in the furnace is by tiue gas analysis. Of course the gases reach-
ing the smoke stack are those formed in the furnace and there-
fore their composition indicates the furnace products. This
analysis is a simple matter which can be performed by any one
of ordinary intelligence. A tube is inserted into the stack, or
the flue leading to the stack, and a sample of the gases drawn
into a vessel by a water siphon. Some instrument (the most
commcn of which is the Orsat apparatus), is then used
by which the rancunts of CO... GO and 0 are determined;
their sum being about 21 per cent of the total volume, the
remainder (79 per cent) being principally nitrogen. Any air
in the flue gas will of course be indicated by the presence of 0
and as some excess of air is needed at the furnace to insure the
contact of oxygen with every particle of carbon, the flue gas
from a good furnace will contain some oxygen. It is generally
assumed that an air excess of not less than 50 per cent over that
theoretically necessary should be supplied. In any case the CO
should be zero or, at any rate, in very small quantities. Since
air is the only source of oxygen, theoretically perfect combustion
would be shown by a flue gas analysis of 21 per cent CO2. 0.0
per cent 0, 0.0 per cent CO and 100—21=79 per cent N.
With an air excess of 50 per cent the gases would be diluted to
that extent and the theoretical analysis would be 14 per cent
CO2, 7 per cent 0, 0.0 per cent CO, and 79 per cent N. With an
air excess of 100 per cent the analysis will show 10.5 per cent CO2,
10.5 per cent 0, 0.0 per centCO, and 79 percent.N. An inspection
of these different analyses shows that doubling the air supply
halves the COg. Theoretically there should be no CO in a
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gas having 0, but owing to the fact of imperfect mixture
there is usually some of both. In practice there is an-
other reason for variation from the theoretical analysis explained
above. The ordinary analysis instrument accounts for the COg,
0 and CO, when in reality, there are small quantities of steam
and various oxides other than these of carbon, such as potassium,
sodium, aluminium, silica, etc., which oxides constitute c^sh. The
oxygen utilized in forming the steam, (II2O), and oxides being
unaccounted for in the analysis, it therefore shows less 0 than
has been utilized in combustion. It is because of this and the
fact that some of the hydrocarbons reach the stack unburned
that the sum of the COs-j-O+CO seldom if ever sum up to the
theoretical 21 per cent.
Weight and Volume of Air Required for Combustion.
For the combustion of a pound of carbon sufficient air
must be supplied to burn it to COo. The atomic weights of
carbon and oxygen being 12 and 16 respectively, the molecular
weight for CO. will be 1X12+2X16=44, or 2.67 parts of
oxygen to one of carbon. There are 0.23 parts of oxygen in one
of air so that +^ =11.61 pounds of air are theoretically re-
quired per pound of carbon. A similar calculation shows that
to burn hydrogen to water (H2O) 34.78 lbs. of air are required.
Assuming the temperature of the air to be 80 deg. F., the volume
of one pound is 13.6 cu. ft., so that 13.6X11-61=157.89 cu. ft.
is the volume of air per pound of carbon. Likewise for a pound
of hydrogen 472.0 cu. ft. are required. The volumes just calcu-
lated are for no excess of air. For 50 per cent excess of air
we would add 50 per cent to the volumes named.
Calculation of Air Excess From the Flue Gas Analysis.
The formula for calculating the excess of air may be derived
as follows: Air being composed of N and 0 in the ratio of 79
to 21 would indicate that for every part of 0 drawn into the
furnace there would be =3.76 parts of N. So if the 0 is taken
as a basis upon v;hich to work, the following formula may be
(1) where N and O are the percentages of 'N and 0 found in the
N
used for calculating the per cent excess of air NN—3,760
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flue gases. And if the CO2 is taken as a basis the formula
^^^^ (2) may be used where S is' the per cent of COo in the
flue gas. Unless the 002+0+CO add up to 21 neither of the
above formulas are absolutely correct. No. 1 deals with the
0 and N. It must be remembered that any O present signifies
an excess of air; if the CO2+O+CO is less than 21 it means a
larger per cent of N than 79 since N is obtained by difference;
and any CO present signifies an 0 consumption which is not
accounted for in the formula. Therefore the excess air by
formula No. 1 is always too low unless theoretical conditions
evist. Formula No. 2 deals with the COo only, and like No. 1, is
only correct under the same conditions. Since in the combus-
tion of bagasse there is little or no free hydrogen or CO and as
the sum of the CO2+O+CO more nearly equals 20 than 21, the
formula will be used.
Form and Proportions op Furnace.
In the light of the discussions just passed it is clear that
in practice, due to the impossibility of maintaining uniform
conditions in the thickness of the fuel bed, air supply, etc.,
there will be many different streams of chemical compounds in
the form of gases rising from the fuel bed, such" as COo, CO,
hydrogen, methane, air, etc. For instance, those parts of the
fuel bed that are comparatively thin will give CO2 ; where the
fire burns through, air will pass; where the fuel is thrown in
thick piles CO will form, etc. In addition to this, air may be
admitted to the combustion chamber through the fire doors, the
bridge wall, etc., and the form of the furnace must be such as
will facilitate a complete mixture of all these different streams
so as to bring about the chemical combinations necessary for
completing combustion, and to allow the necessary time for such
combustion. In the ordinary coal furnace with return tubular
boilers, the mixing is taken care of by the form of the bridge
wall and the combustion is facilitated by making the furnace or
combustion chamber as large as practicable. The front face of
the bridge wall is made sloping so as to reflect the impinging
gases in a manner such that all the gases will be mixed. In fact,
it is just at this point that the highest temperatures in a fur-
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nace cf this idnd are found, which high temperatures are due
alone to the fact that the mixing at that point causes further
combustion and heat generation.
Various arrangements in the form cf baffle plates, abrupt
change in direction cf the gases, etc., have been made in different
furnaces with this in view. The settings for the different types
of water tube boilers, especially, furnish many different types
for this purpose. It is evident that the more perfect the mixing
device, the smaller the quantity of excess air required for com-
plete combustion. The form and size of the furnace above and
back of the fuel bed can only affect the combustion of the gases
rising from it, and as these gases are cooled immediately upon
coming in contact with the heating surface, the temperature of
the water on the other side of which is very low (relatively),
this combustion should be made to take place before the heating
surface is reached. As the distance from the grate to the heating
surface is short, the velocity of the gases should be made as small
as possible in order to give the time necessary^ for combustion.
This can only be done by making the combustion chamber as
large as possible. This is especially necessary with fuels giving
off large volumes of volatile gases or which have much moisture.
The simplest way of doing this with H. R. T. boilers is to in-
crease the distance between the grate and the boiler shell and
by battering the furnace walls so as to give more space between
the walls and the boiler at the sides. Another method is to
make a separate furnace and place it entirely in front of the
boiler so as to increase the size of combustion chamber and give
more time for combustion of the gases before they are cooled
below the ignition temperature. This is called a ''dutch oven"
furnace. With a large combustion chamber it is possible to
n ake use of another aid to the combustion of the gases provided
there is both a chimney and a blower for forced draft, by
producing what is known as a "balanced draft" and thereby a
lower velocity of the gases. With an arrangement of this kind,
the stack clearly operates to produce a vacuum at its base. On
the other hand, the blower produces pressure and if the stack
damper and the speed of the blower are properly manipulated
it is evidently possible to bring about a neutral condition in the
furnace. For instance, suppose the draft gauge shows some
24 Louisiana Bulletin No. 117
vacuum in the furnace, with the blower running at a given
speed; a partial closing of the stack damper wull decrease that
vacuum and it is simply a matter of adjustment to find the
neutral condition which will reduce the velocity of the gases
in the furnace. In such a furnace, the liames will be seen to
roll and reverberate instead of passing in a thin sheet cjuickly
to the stack, this rolling or eddying effect helping also in the pro-
cess of mixing, which is highly important. In any furnace it is
important to have the combustion space as nearly enclosed within
highly heated brick surfaces as possible, the walls radiating
their heat in such a manner as to keep the high furnace tempera-
ture constant, counteracting the changing temperature due to
oprning of the fire door, fresh charges of fuel, etc.
Finally with reference to the furnace, it may be said in
tlic words of a leading authority "that furnace is most efficient
wliich completely consumes the comJoustible with the least sur-
j)]us of air,'' or, in the words of another authority, "the most
eBieient furnace is one which will deliver to the boiler the
i'TcntesL weight of gases at the highest temperature from a given
amount of fuel.
"
TRANSMISSION OF HEAT FROM FURNACE TO BOILER.
Let us suppose that a maximum amount of heat has been
evolved from the fuel in the furnace ; it will now be in order to
discuss the conditions necessary for the transmission of a maxi-
mum amount of this heat through the metals walls of the heating
surface into the boiler. It is evident that this question is one with
which the boiler as well as the furnace is concerned.
The transmission of heat is always from a hot body to a
cooler cue and the flow is proportional to the difference in tem-
perature. The metal walls of the boiler offer resistance to the
flow of heat from the gas side to the water side which makes
it all the more important to make the temperature difference as
great as possible. This can be done by making the furnace tem-
perature greater or by making the temperature of the water
or steam less. The temperature of the water cannot be varied
greatly as it is proportional to the steam pressure carried. For
instance, at a pressure of 100 lbs. gauge, the temperature is 337
deg. F., at 50 lbs. gauge it is 280 deg. and at 150 lbs. gauge it is
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365 deg. F. Some engineers of the early days, in fact, advocated
low steam pressure on this account.
The temi)erature in the furnace is affected by the rate of
combustion, the amount of air supplied, the fuel, the amount of
moisture in the fuel, the form and proportions of the furnace,
etc. The formula, due to Rankine for the theoretical tempera-
ture of the furnace, is Tf =
^
,
in which Tf denotes the
temperature of the furnace in degrees F. above that of the air;
Q, the heat units due to the combustion of one pound of the
fuel; W, the weight of the products of combustion in pounds
per pound of fuel and Sp the specific heat of the products of
combustion. The values of Sp. are : for GO^, .217 ; air, .237
;
steam, .55
;
N., .244, and ashes, .200, the average of which is .281.
According to this formula an anthracite coal having a heat value
of 12500 B. T. U. per pound, and requiring say 12 pounds of
air per pound of fuel, would give a theoretical furnace tempera-
ture of Tf = ^^^l 3420 deg. F. with no excess of
(12+1) X0.281
air. With 100% air excess we would have Tf =
J24-|-1)0 281
=1778 deg. F. A similar application of this formula for
200 per cent excess of air gives a temperature of 1202 deg. F.
These figures, though theoretical, are not far from those obtained
in actual practice and show very plainly the harmful effects of
an air supply beyond that necessary for complete oxidation. The
effect of the form and proportions of the furnace upon the fur-
nace temperature by bringing about thorough mixing of the
products and therefore better combustion has already been dis-
cussed. Moisture in the fuel reduces the temperature because
part of the heat of combustion is required to convert the moisture
into steam, which robs the products of that much heat. The
number of B. T. U. that can be transmitted through the walls of
the heating surface by a given area in a given time depends upon
the metal of the wall as well as upon the thickness. For instance,
copper or brass will transmit heat more rapidly than wrought
iron or steel and the transmission will be greater through thin
than thick metal. In early days some boilers were made of
copper—in fact, the fire boxes of locomotives and some small
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boilers have been made quite recently of this material. How-
ever, in modern practice wrought iron or steel are required to
resist the higher pressures used, the Result being that the
metals having high heat conductivity are used little—in fact,
not at all with high pressures.
With a given difference of temperatures, therefore, the flow
of heat through the metal of the heating surface is limited, a
point being, reached where the tendency for the heat to pass on
to the stack is greater than the tendency to pass through to
the water, the result of which is to cause more heat to pass out
through the stack. Such a condition as this will be indicated by
a high temperature of the smoke stack gases. It has been found
in practice that the evaporation of about 3 pounds of water
from and at 212 deg. per sq. ft. of heating surface per hour is
that which results in good economy. This is equivalent to saying
that under the ordinary conditions of stationary practice
not more than 965.8 X3-=2897 B. T. U. can be transmitted per
square foot of heating surface per hour without reducing the
economy or, in other words, without increasing the stack tem-
perature. Of course it is possible to evaporate much more than
the above figure and any boiler is expected to take overloads
in cases of emergency, but as this is done at considerable fuel loss,
it should be for short periods only.
Eatio of Heating Surface to Grate Surface.
The quantity of heat generated in a furnace is, other things
being equal, proportional to the area of the grate and the quality
of the fuel, and it is therefore necessary to proportion the area
of the grate so it will furnish just enough heat, under normal
conditions of operation, to evaporate about 3 pounds of water
from and at 212 deg. per sq. ft. of heating surface per hour.
Since, under normal conditions, the heat absorbed by the boiler
is proportional to the area of the heating surface, it follows that
the ratio, area of the heating surface divided by the area of the
grate surface should be carefully determined. This ratio will
depend upon many things, principal of which are the quality
of the fuel and the number of pounds of fuel that can be
burned per square foot of grate surface per hour (rate of com-
bustion). The quality of the fuel determines the number of
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pounds of water that one pound of it will evaporate from and at
212 deg. This is determined of course in evaporative tests by
dividing the evaporation from and at 212 deg. per hour by the
weight of fuel burned per hour.
A report of 78 tests made at the U. S. Fuel Testing plant at
St. Louis on bituminous coals and lignites showed an average
equivalent evaporation from and at 212 deg. of 8.73 lbs. of water
per pound of combustible, and varying from 6.1 to 10.74. A
large number of tests by Mr. Barrus with anthracite showed an
average equivalent evaporation of about 11 pounds of water per
pound of combustible. The rate of combustion (pounds of fuel
burned per square foot of grate surface per hour) depends prin-
cipally upon the nature of the fuel and the draft. For instance,
less anthracite can be burned per sq. foot in a given time than
can be burned with bituminous coal, on account of the slow
burning quality of the former. Then, too, the finer sizes of
anthracite coal will burn less rapidly than coarser sizes as the
particles pack so closely as to prevent the access of the air
required for rapid combustion unless mechanical draft is used.
Clinkering coals cannot be burned very rapidly. This means that
if the rate of combustion is small, the grate must be made larger
in order to generate a required amount of heat; also if the
quality of the fuel is such as to give it a low heat value, a
greater number of pounds must be burned than for a better fuel
which means a larger grate surface. The following figures taken
from Meyer's Steam Power Plants are useful for determining
the ratio of heating surface to grate surface
:
Kind of Coal NAME
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Big Muddy, 111
Mt. Olive. 111...
Lackawanna, Pa. ...
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For example, let us calculate the ratio of heating surface to
grate surface for the anthracite rice coal at the bottom of the above
table. Since one pound of coal will evaporate 7 pounds of water
from and at 212 deg., one sq. ft. of grate surface will burn coal suf-
ficient to evaporate 12X7=84 lbs. of water from and at 212 deg.
per hour. Assuming that 3 lbs. can be evaporated by one sq. ft.
of heating surface per hour, the ratio of heating surface to
84
gate surface is — =28. A similar calculation for Pocahontas
o
15X9 5
coal gives a ratio of ^
—= 47.5. The heating surface of
Horizontal Return Tubular boilers may be correctly assumed at
12 square feet per horse power. For a 100 horse power boiler,
then, there would be 12X100=1200 square feet of heating sur-
face. If anthracite rice coal is to be burned under it, a grate
surface of = 42.8 sq. ft. would be required. Should it be
found advisable afterward to burn Pocahontas coal in this fur-
1200
nace its grate area should be decreased to
^
= 25.2 square
feet, otherwise the fuel bed would have to be kept so thin as
to make it impossible to prevent holes burning through and
causing loss due to the cooling of the furnace. The above calcu-
lation is given to show the principles involved as well as the
importance of having this question carefully considered. A mat-
ter of such importance as this should be submitted to an engi-
neer. As explained above, 3 pounds of water evaporated from
and at 212 deg. per sq. ft. of heating surface should be assumed
as normal because higher rates increase the stack temperature
and reduce the evaporation per pound of fuel. A boiler is said
to be ''forced" when making such high rates of evaporation.
On the following page is a curve showing the relations of
economy to rate of evaporation which was plotted from the
results of tests made upon a Stirling boiler. It will be noted
that the maximum of pounds of water evaporated per pound of
fuel is obtained with 2 lbs. of water per sq. ft. per hour instead
of 3 pounds. This would require, however, an increase of 50 per
cent in the heating surface for a given H. P. and therefore a
large increase in first cost, which, counting the interest on the
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investment, would not be profitable. The slightly decreased
economy and less first cost resulting from an evaporation of 3
lbs. per sq. ft. per hour is a compromise.
/2,
LBS. OF Vs/»r£R £-V/rPORFfT£D PER SQ.FT. //. 5. PER HOUR.
Fig. 1.
Stack Temperature.
A high stack temperature is always an indication of reduced
economy, though it may not always be due to excessive rates of
evaporation. For instance, it may be due to accumulations of
soot on the gas side of the tubes or heating surface or of scale
on the water side. In this case the resistance to heat transmis-
sion is such as to make the heat pass directly to the stack,
even with low rates of evaporation. Then, again, it is possible,
under certain conditions, to have combustion of CO to CO2 take
place at the base of the stack, especially if there happens to be
openings in the breaching for the admission of air. One would
naturally expect the stack temperature to vary directly with
the furnace temperature and such is generally the case, other
things being equal, though the opposite sometimes occurs. For
instance, with a very large excess of air supplied to the fuel
the temperature of the furnace is lowered yet by reason of the
larger volume of gases passing through (including the excess of
air) their velocity is so greatly increased as to prevent the time
of contact with the heating surface necessary for a>DSorbing their
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heat, the result being a high stack temperature. In view of the
discussions above it is evident that with a given fuel the larger
the ratio of heating surface to grate surface the lower the stack
temperature, other things being equal.
In a properly designed and operated boiler plant the tem-
perature of the products of combustion should be reduced to
something like 500 deg. F., or less by the time they reach the
base of the smoke stack. Out of about 140 tests made on dif-
ferent boilers in New England by G. H. Barrus, sixty showed
a flue gas temperature of less than 400 deg. F., and only 21
with temperature over 500 deg. F., the average being in the
neighborhood of 415 deg. F. By evaporative tests the same
authority found that with a decrease of 100 deg. F. in the stack
temperature, the evaporation per pound of fuel was increased
6 per cent. A curve is here presented showing relations be-
tween stack temperature, water evaporated from and at 212 deg.
per sq. ft. of heating surface per hour and the quantity of heat-
ing surface required per horse power.
Fig. 2.
Per ccr?/- xcess> Aik
Fig. 3 a.
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BAGASSE AND BAGASSE FURNACES.
In the light of the above discussion of the conditions re-
quired for the efficient production and utilzation of the heat of
fuels in general it vrili now be in order to take up the question
of bagasse and discuss the special conditions met with and the
special problems that must be solved for its efficient combustion.
As a fuel bagasse differs from other fuels mainly in that it is
very bulky; it contains an excessive amount of moisture and,
being very porous, carries into the furnace a large quantity of
air. Its general composition has already been treated of at
length on pages 10-12 and its gross and net fuel values on pages
1-1-15. also in table A. The products of combustion for this
fuel are much the same as for the fuels already discussed—that
is. the carbon burns to COo with sufficient air supply and to CO
with insufficient air supply. The large amount of free mois-
ture in the fuel added to the moisture produced by the combina-
tion of hydrogen and oxygen in the fiber and sugar, coming
in contact with the heat of the furnace, produces large volumes
of superheated steam which rises with the carbon oxides and
hydrocarbons from the burning fuel bed.
Owing to the fact that the II and 0 exist in the fuel in the
exact proportions to form water, they combine without the
formation of heat so that theoretically the carbon constitutes the
heat-producing element.
Effect of Moisture ix Bagasse.
It is held by some that with high furnace temperatures the
moisture in bagasse is decomposed into its constituent elements,
hydrogen and oxygen, and that some beneficial or economic
result is obtained by the burning of the hydrogen and using
the oxygen for combustion. In other words, that the moisture
is advantageous. This assumption is incorrect.
R. S. Hale (R. S. Hale's Report on Efficiency of Combus-
tion, Steam Users' Assn., Boston, Circular No. 9) states that
decomposition or dissociation of water in the furnace begins at
about 1832 deg. F. It may be noticed (table V) that the highest
furnace temperature in Louisiana or Cuba was 1700 deg. F.
For convenience consider 18 lbs. of bagasse at 32 deg. F.
and 50 per cent moisture ; a furnace temperature of 1600 deg. F.,
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and a stack temperature of 500 deg. F. Under these conditions
9 pounds of water would be driven off in the furnace and pass
out of the stack as steam at 500 deg. F. having undergone no
change except in temperature. One pound of H2O passing from
H2O at 32 deg. F. to superheated steam at 500 deg. F. will
absorb 212—32+966+ (500—212) .52=1296 B. T. U., and 9
lbs. will absorb 1296X9=11664 B. T. U., which is an absolute
loss.
With a furnace temperature of 2000 deg. F. dissociation of
the 9 pounds of steam into its elements will take place and
there will be liberated 8 lbs. of oxygen and one pound of hydro-
gen. (Hydrogen and oxygen combine in the proportion of 2 of
H to 1 of 0 by volume and 1 of H to 8 of 0 by weight). This
decomposition will absorb 62000 B. T. U., which will tend to chill
the furnace. Hydrogen combines with oxygen to form steam
only and if this pound of hydrogen recombines with eight pounds
of oxygen to form 9 pounds of steam, 62000 B. T. U. will be
evolved, but under these furnace conditions, as shown above,
11664 B. T. U. is not available, giving a net thermal value of
one pound of H=50336 B. T. IJ.
Now suppose the hydrogen to remain uncombined and the
oxygen to be utilized in combining with the carbon of the fuel.
The eight pounds of 0 may enter into combination with the
6 pounds of C, forming 14 pounds of CO (since CO is composed
of 12 parts of C to 16 parts of 0) generating 6X4500=27000
B. T. IT., which is 25000 B. T. U. less than that absorbed. Con-
sidering the most favorable conditions, the eight pounds of 0
may enter into combination with the 3 lbs. of C, forming 11
lbs. CO2 (since CO2 is composed of 12 parts of C to 32 parts
of 0) generating 3X14600=43800 B. T. U., which is 18500
B. T. U. less than was absorbed.
From the data on hand it may be seen that an excess of air
is always present and 0 from the decomposed steam is not
needed. If the furnace temperature should be high enough to
decompose the steam into, its elements, thereby absorbing heat,
these elements would recombine to form steam upon ])eing
cooled later in its passage through the boiler, thereby liberating
the heat previously absorbed. It is clear, therefore, that in
any case the moisture is a source of loss, though if the tempera-
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ture of dissociation can be produced in the farnace some of the
loss may be recovered.
Air Supply for Bagasse Burning.
By reason of the open porous condition of bagasse causing
it to carry in a large quantity of air with it, a comparatively
small amount of air has to be supplied through draft. The
theoretical weight of air per pound of 'oagiisse based on that
required to burn the carbon, which for a problem already solved
was found to be 21.5 per cent, would be (see page 21)
0.215X11-^)1=2.49 pounds and for an air excess of 50 per cent
2.49X1.5=3.73 pounds. The volumes corresponding to the above
w^ould be 2.49X13.6=33.8 cu. ft. for no air excess and
3.73X13.6=50.7 cu. ft. for 50 per cent air excess. As much air
comes in with the fuel, less than this will have to be furnished
through draft.
The method of obtaining the draft in bagasse furnaces varies
considerably, some being with natural and some with forced
draft. In Louisiana the forced draft is used by a large majority.
It may be said, however, that on account of the method of feed-
ing the bagasse to the furnace through a hopper, which must be
open all or at least a part of the time, forced draft can be
used only in conjunction with a chimney; otherwise the pres-
sure in the furnace will be such as to force the smoke and
sometimes sparks out through the hopper. In any case, a stack
must be provided with height sufficient to insure a slight vacuum
in the furnace. (See page 18.) Yfith this arrangement the
balanced condition of draft already mentioned is easily obtained.
As the feed hopper is open, at least part of the time, there is a
large inflow of cold air into the furnace in cases where there
is considerable vacuum in the furnace, such as results with chim-
ney draft alone. Many hoppers are therefore arranged to auto-
matically close and open periodically so as to reduce the amount
of air excess from this source. There is the same need of air
above the fuel in a bagasse furnace as in other furnaces, but so
large an opening admits much more than is necessary and besides
this, the location of this air entrance is such as to make it diffi-
cult to properly mix the air with the products rising from the
fuel bed. On the other hand, with those furnaces having the
combination of a blower and a chimney and in which the equilib-
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rium of pressures may be produced, the tendency for air inflow
is reduced to such a small amount as to make the automatic clos-
ure of the hopper, mentioned above, of little importance, espec-
ially as the admission of a small quantity of air is of real advan-
tage. For forced draft, the blower method is used almost exclu-
sively for supplying the air though steam jet blowers are occa-
sionally found in use. The methods for distributing the air to
the fuel are three in number: (1) the discharge pipe from the
blower discharges into a header, usually at the bridge wall, and
this header supplies air to hollow grate bars having holes in their
surfaces through which the air fows, under pressure, to the fuel.
(See fig. XIT)
;
(2) the blower discharges into a closed ash pit
from which the air flows upward through the ordinary grate bars
to the fuel and (3) the blower discharges into an air chamber at
the back and sides of the furnace from which it passes through
tuyeres in the furnace walls to the fuel, (Hearth type) see fig. 5.
In this type there are no grate bars, the fuel resting upon a fire
brick floor. In addition to the arrangements described above,
there are various combinations of the three types. For example.
Fig. XI shows a combination of types 1 and 3. In Louisiana, how-
ever, type No. 1 is the one used in most cases. This type when
working in good order gives a better distribution of air through
he bagasse than the others, the air leaving the hollow grate bars
n a great number of small streams. There is danger however, of
' e small holes being clogged by the clinker which forms from the
usion of potash and silica in the bagasse, also by the weight of
he bagasse itself. Various forms of grate bars have been pat-
nted and used, the object of which is to overcome this difficulty.
In some of them the openings are in depr'-^ssicns of the bar and so
protected to some extent, from closure. The principal objection
to this type as well as to all grate furnaces is the difficulty due to
the closure of not only the opening of the hollow bars but of the
ordinary bars as well by clinker which at very high temperatures
melts and runs, and after cooling is hard to loosen. The high
temperatures are also very destructive to the iron bars so that
their repair becomes an item of considerable expense. The hearth
type does away with the difficulties attending grate furnaces, due
to clinkers, and the arrangement otherwise seems to facilitate
good combustion. As there are no- metal grate bars, higher rates
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of combustion, and therefore higher furnace temperatures are
possible than with the grate furnaces, and this in turn should
give better combustion and better heat transmission from gases to
water. Comparing the natural and forced draft systems, the same
reasoning holds as for other fuels, viz., that with forced draft the
rate of combustion may be increased and the air excess cut
down, resulting in higher furnace temperatures and that the
blower furnishes better opportunity for controlling the air sup-
ply by varying the speed of the blower. On the other hand, chim-
ney draft has proven itself efficient and has one very excellent
quality to its credit, viz., that of simplicity in operation. Be-
sides this it does away with the blower engine which requires a
considerable amount of steam for its operation.
The size of the grate for a given capacity depends upon the
quantity of bagasse that can be burned efficiently upon one square
foot of grate per hour, and this in turn depends mainly upon the
per cent of moisture in the bagasse and the intensity of the draft.
There seems to be no doubt, however, that it pays to make the draft
strong enough to give as high rates of combustion as possible,
which means a relatively small grate, or in other words, a large
ratio of heating surface to grate surface. To show the method of
arriving at these figures, let us assume that 100 pounds of bagasse
can be successfully burned per square foot of grate, that 2.5
pounds of water can be evaporated by one pound of bagasse and
that the boiler is to be 100 H. P. For every square foot of grate
therefore 2.5X100=250 pounds of water will be evaporated
from and at 212 deg. per hour. There will be 12X100=1200
square feet of heating surface and 1200X3=3600 (see page
26) pounds must be evaporated from and at 212 deg. per
hour for normal running. The grate surface will therefore be
— 14.4 square feet, and for 331/3% overload 14.4X1.331/3
=19.2 square feet. For a further discussion of this see page —
.
If the grate is too large the bagasse falling as it does from
one point above the middle of a usually pyramidal pile, will
fail to cover the outer edges of the grate, or if it does, in very
thin layers, burns through in spots. The result of this is that
the air takes the path of least resistance and the largest portion
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of it passes through these open parts of the grate while the
middle of the pile, which requires most, gets the least.
Bagasse, being of an open, light quality, is not so likely to
pack together as coal and it is comparatively easy to burn it in
a thick bed, provided there is sufficient draft pressure.
Size of Combustion Chamber and Passages.
On account of the large amount of moisture in bagasse
which is converted into steam in the furnace, a volume of gas
and steam much larger than for coal must be accommodated
in the combustion chamber and the passages to the stack.
Volume op Gases Formed from Bagasse.
Assuming a bagasse of the consistency given in the table
on page 12 it is an easy matter to calculate the volueme of
gas and steam reaching the stack, per pound of bagasse.
Considering the bagasse of the composition mentioned, in
which the total C. is .215 lb. and total moisture .79 lb., and
remembering that the air required to burn .215 lb. C to CO2
is 2.49 lbs., we will have 2.49+.215=2.7 lbs. CO,. For 50%
excess air there will be 2.49X.5=1.25 lbs. air also. In addi-
tion to this we will have a volume of steam generated from
.79 lb. of water. The volume of 2.7 lbs. CO, at 32° is 21.871
cu. ft.; that of 1.25 lbs. air at 80° F. is 17.0 cu. ft., and that
of .79 lb. steam at 212° or atmospheric pressure (the furnace
pressure "1 is 26.6 cu. ft. The volume of a gas is proportional
to its absolute temperature; in other words the higher the
temperature of a given quantity of a gas (the pressure remain-
ing the same) the greater its volume. Air and CO 2 are per-
fect gases. Steam, however, is not really a perfect gas, though
at the high temperatures existing in the furnace and stack it
may be considered so, for all practical purposes.
Let us now calculate the volume of gases reaching the stack
at a temperature of 500° F., corresponding to an absolute tem-
perature of 500+461=961°.
The volume of 2.7 lb. CO2 at the stack temperature would be
961
21.87 X 32-1-461 ^ ^^'^ ' ^"^^ ^^^* ^o^^^
961
1.^ 17 V .r.. = 30.06 cu. ft., and that of the .79 lb. steamDii ±1 A. 4614-80
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would be 26.6 X —= 31.90 cii. ft. The sum of these makes
673
105.16 eu. ft. of gases reaching the stack. A similar calculation
gives a total of 227.3 cu. ft. of gases and steam at a temperature
of 1500° F. or 1961° absolute in the furnace with an air excess
of 50% as before. For 100% air excess, similar calculations
give a total of 135.22 cu. ft. per pound of bagasse at the stack
and 289 cu. ft. at the furnace. A calculation like the above for
a pound of bituminous coal, consisting of 83.5% C, 4.6% H
and 3.15% 0 gives volumes of 314.3 cu. ft. and 447.9 cu. ft. of
gases and steam entering the stack at 500° F. for air in excess of
50% and 100%, respectively, and in the furnace 640 cu. ft. for
50% excess and 911 cu. ft. for 100% excess.
Referring to columns 14 and 15 of Table ''A." we find
that the equivalent of 1 lb. of coal, in the bagasse under con-
sideration, is 5.54 lbs. for 50% air excess and 5.85 lbs. for
100% excess. Fcr convenience, the following table is ar-
ranged so that comparisons may be drawn by considering quan-
tities in the same vertical column. The lower row of values is
gotten by multiplying the values in the top row. by the number
of pounds of bagasse equivalent to 1 lb. of coal. The compari-
son shows clearly the larger volume of gases coming from
bagasse, due largely to the moisture in it. It will be noticed
that as the air excess is increased the difference (relative) be-
comes less, due to the fact that the moisture becomes a smaller
portion of the total.
table show^ing the relative volumes of gases generated by
bagasse and coal.
At Stack At Furnace
500° F. 1500° F.
50% 100% 50% 100%
excess. excess. excess. excess.
Volume of gases from 1
lb. of bagasse 105 135 227 289
Volume of gases from 1
pound of coal 314 640 447 911
Volume of gases from
bagasse equivalent to 1
lb. coal. 681 791 1258 1690
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These calculations of the volume of gases generated by the
combustion of bagasse are given for the purpose of showing
clearly the importance of large passages in the setting and
flues as well as a large combustion chamber. A similar calcula-
tion would have shown that for anthracite coal the volumes
generated would have been still less than for bituminous coal.
In practice this is shown in the fact that the furnaces as well
as the passages and flues are made of larger dimensions for
bituminous than for anthracite coals. For instance, the proper
height of the combustion chamber (distance from grate
to under side of boiler) for an H. U. T. boiler is
28 to 30 inches for anthracite coal and 36 to 42 inches
for bituminous coals. From this we see also that the
dimensions referred to must be still larger for bagasse
furnaces on account of the still greater volume of gases.
In all cases tco small dimensions cause high velocity of the
gases. A small furnace causes them to leave too quickly
for their com^plete combustion, small passages cause a high veloc-
ity, Avhieh, in turn, causes friction and consequent reduction of
draft ; reduced tube area causes a high velocity in the tubes which
prevents, in tram, the time cf contact with the heating surface
necessary for heat transfer. The stack, too, as it has a larger
volume of gases to handle, must be larger for bagasse than for
coal furnaces of the same capacity.
In the enlarging of the combustion chambers many differ-
ent lines of design have been followed, the simplest being that
of increasing the height of the boiler above the grate. In few
cases is this distance made less than 48 inches and generally
more. In the description of furnaces later in this bulletin,
mention is made of one furnace of this type in which this dis-
tance was 96 inches (see Fig. XYII). Another type is that in
which the bagasse is burned in a separate oven, which is con-
nected by a passage of more or less length to the boiler, as in
Figs. IX, XII and XVI. The oven may be of the grate type
or of the hearth type, and it may be placed directly in front of or
at the side cf the boiler, the former being called a dutch oven.
Often the oven is placed so as to furnish heat for two boilers-
(see Fig. XV). The oven type of furnace is more costly than
the ordinary type, but it is evident that it fulfills the require-
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ments for combustion much better by reason of the fact that
the combustion chamber can be made larger, and for the further
reason that the combustion can be completed before the products
reach the heating surface of the boiler, which tends to cool them
to below the burning temperature. The necessary volume can,
of course, be obtained with the ordinary (sometimes known as
the Burt type) furnace by raising the boiler sufficiently high
above the grate, but this still has the disadvantage of having
heating surface for the top of the furnace, which cools the
products and admits of little opportunity for mixing and com-
bustion. The hearth furnace, as in Fig. V, when placed under
the boiler, admits of a larger height of furnace without raising
the boiler so high, but it is open to the same objections as for
the above as far as the cooling of the products and mixing are
concerned.
In general it may be said that the combustion should take
place in a chamber as nearly complete^ surrounded by highly
heated fire brick as possible. The oven type of furnace
comes nearest fulfilling this requirement and, besides its more
or less long and small passages to the boiler, compels the mix-
ing so necessary "for combustion. The oven type of furnace,
however, has the disadvantage of the Burt type, in
that its upkeep as well as its first cost is greater.
This is due to the fact that the top of the furnace
must be supported by an arch. As we should expect, the
temperatures are higher on account of the better combustion,
and this causes fusion of the bricks, which fall, especially from
the top, where replacement is difficult. The cost of repairs,
however, can be avoided by careful construction of the furnace.
Area of Passages and Tubes.
It is a simple matter to proportion the passages above the
bridge wall at the back connection, at the flue, at the stack, etc.,
by increasing the areas used for, say, bituminous coal in the ratio
of the volumes of gases generated. The area through the tubes
can be increased by making the tubes of larger diameter and
smaller in number. The heating surface of a tube is propor-
tional to its diameter, while its area is proportional to the
iSquare of its diameter. For example, doubling a 3-inch tube
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of a given length would double its heating surface, but at the
same time treble its area.
Temperature of the Furnace.
On account of the great quantity of moisture and other
constituents in bagasse, the calculation of the theoretical furnace
temperature is more complex than that where the fuel is pure
carbon (page 25).
As it has been stated that the effect of air excess is to re-
duce the temperature it will be in order, to make calculations
If
which will show the effect of air excess upon the tempera-
ture. The following is based upon a formula taken from
''Kent's Steam Boiler Economy." We will use a bagasse of the
same constituents already used in other calculations.
Let Hi=-*H—~ = available hydrogen = 0.0
W = moisture in fuel, lbs = -51
9 H = moisture of formation, lbs = .28
W 9 H == superheated steam in gases = .79
a = heat value of 1 lb. carbon, B. T. U =14,600
b = heat value of 1 lb. hydrogen, B. T. U. . . . . . =62,000
f = dry gas per lb. of fuel, lbs = 2.93
c = specific heat of the gas = 0.24
L = heat of vaporization at 212° = 966
T = elevation of the temperature of the fire above
that of the atmosphere.
t= initial temp, of bagasse.
The total heat developed by burning 1 lb. of the fuel will
be a C + b H^, B. T. U. All this heat will be utilized in raising
the temperature of the gas and steam to T° above that of the
atmosphere. The dry gas will contain c f T B. T. U. and the
superheated steam.
(W-f9H) [212.9 — t+ L + .52 (T + t — 212)] B. T. U.
We then have
a C + b H, = .237 f T + (W + 9 H) [212.9 — t + L
+ .52 (T + t — 212)]
= [.237 f + (W + 9 H) .52] T + (W + 9 H) (1077 —
.52 t)
*For every part, by weight of H there are 8 parts of O ; therefore there
would exist no available H, for the H and O would combine to form H2O,
which is represented by 9 H.
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Transposing,
a C + b H, — (W + 9 H) (1077 — .52 t)
~"
0.237 f + .52 (W + 9 H)
Substituting for a, b and Hi their values,
14,600 C + 62,000 (H — ? ) — (W + 9 H) (1077— .52 t)
T = ^- ^ —^ ^
0.237 f + .52 (W + 9 H)
The expression 62,000 (H ^ ) = 0.0 (see footnote on
page 41).
Bagasse, being an endothermic compound, i. e., capable of
evolving more heat than is accounted for by its chemical com-
position, the above formula may be made applicable to bagasse as
follows: As already stated, the average heat value of dry
bagasse, as found in these investigations, was found to be
8375 B. T. U. per pound.
Let D = % dry matter in bagasse (fiber + sucrose, etc.)
= 49. The formula becomes
8375 D — ("W + 9 H) (1077 — .52 t)
^ ^ 0.237 f + .52 (W + 9 H)~
Substituting for D, W, 9 H, t and f, their values,
8375 X .49 — .79 ( 1077 — .52 X 80)
T = ^ —= 2958° F.
.237 X 2.93 + .52 X -79
above that of the atmosphere. 2958 + 80 = 3038° F. is therefore
the temperature due to perfect combustion and no air excess.
Substituting 4.3 for 2.93 (pounds of dry gases) in the above
formula, gives a temperature of 2360° F. with an air excess of
50%, or a reduction of the temperature of 678°, due to 50%
air excess.
A general discussion of the means for avoiding air excess
has already been made on pages 18 and 19. The same holds in the
combustion of bagasse. The temperature reducing effect of ex-
cess air is sometimes decreased by preheating the air supply.
This is done by passing the air through tubes surrounded by the
smoke stack gases, thus utilizing heat that would otherwise be
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wasted. However, it should be remembered that this will reduce
the draft. An example of such an arrangement is seen in Fig.
XVIII. The writer has seen furnaces in which the air is pre-
heated by passing it through that portion of the furnace between
the bridge wall and the back end of the boiler. This is of
little value for the reason that the temperature of the air is in-
creased at the expense of heat which should be given to the
boiler itself.
Loss OF Heat in the Flue Gases, Bagasse Furnaces
The temperature of the flue gases may be taken as an indi-
cation of the efficiency of the boiler plant in utilizing the heat
of combustion and, as stated before, should not be above 500°
F., higher temperatures indicating too great loss through the
stack. The question naturally arises, what per cent of the heat
generated is lost with a given stack temperature. A bagasse
of the same compostion as that already used will be made use of.
Assume a fire-room temperature of 80° F. and a stack tem-
perature of 500° F. The fine gases are composed of products
of combustion, excess air, and steam.
Let X = B. T. U. lost through the stack per pound
of bagasse.
T = temperature of stack. - 500° F.
t = temperature of fire room = 80° F.
Specific heat of gases = 0.237
Specific heat of steam
....
= 0.520
f = weight of dry gases per pound of fuel, lbs. . = 2.93
W -|- ^ = superheated steam in gases per
pound of bagasse = 0.79
L = heat of vaporization at 212° F = 966.0
Then X = T — t (.237 f ) + [212 — 80 + 966 + (500 — 212)
.52] (W + 9 H)
Substituting values we have
X = 500 — 80 (.237 X 2.93) + [212 — 80 + 966 +
(500 — 212) .52] X .79 = 1294 B. T. U. This is for
no excess air. Assuming the calorific value of 1 pound of dry
bagasse as 8375 as before and that a pound of bagasse as fired
contains 49% dry matter, the calorific value of the latter will
44 Louisiana Bulletin No. 117
be 8375 X .49 = 4100 B. T. U. The heat lost through the
1294
stack is therefore^^X 100 = 31.6% of that in the fuel. As-
suming 5% loss due to radiation from the boiler and setting we
get (4100 — 1294) X 0.95 = 2666 B. T. U. available per pound
2666
of bagasse and 2.76 pounds of water evaporated trom
and at 212,°. For 50% air excess per pound of bagasse substitute
4.3 for 2.93 in the above formula, which will give a loss through
the stack of 1439 B. T. U., representing a loss of 35.1% ; 2528
B. T. U. will be left for evaporation, and this will be 2.62 lbs.
from and at 212° per pound of bagasse.
A similar calculation for 100% air excess shows a loss
through the stock of 38.5%, and an equivalent evaporation
from and at 212° of 2.48 pounds of water. Comparisons of the
figures just obtained shows that for every increment of 50% air
excess, there is an increase of loss through the stack of 3.5%
and a decrease in evaporation of .14 lbs. of water per lb. of
bagasse. See Fig. 3 and Table A. In Table A will be found data
relating to bagasse, etc., the different items of which were calcu-
lated as explained on preceding pages.
L
o
uisiana
B
ulletin
N
o
.
117
45
C
M
:ju90
a
ad
O
O
T
e
tical
F
u
m
p
c
r
a
t
ui
C
C
a
r
e
s
s30xa
Theor
C
M
a
r
e
o
m
a
Oi
<
S
C
M
.
ai'B
S
S30X9
:
^
U90
a
ad
o
O
T
Lbs.
of Wate
r
able
of
being
i
o
r
a
t
ed
from
ai
212°
F
.
OC
M
ji-B
s
s
a
o
x
a
t
^itaojad
09
ai'B
s
s
a
o
x
a
ojsi
e r
e
-
.
O
n
e
Oil
of
d 19,-
lorific
above
Lbs.
C
C
'
T
—
I
J
I
-
B
s
s
a
o
x9
:}U80
jad
o
oi
Lbs.
of
B
a
g
a
s
s
q
uired
t
o
e
q
u
al
G
allon
of
F
u
el
'
0.915
s
p
.
g
r
.
a
ni
000
B
.
T
.
U
.
C
a
:
v
al.
1 G
al.
of
Oil
e
q
u
al
7.62
a
r
e
s
s9-ox-:>
:
^ii80
a
ad
o
s
a
r
e
s
s
a
o
x
a
o
n
of Baga
s
s
e
r
ed
t
o
e
q
u
al
Lb.
of Coal
O
O
O
B
.
T
.
u
r
rific
V
alue
a
r
e
s
s80
v
?
>
:ju90
a
od
o
oi
a
r
e
s
s
o
o
x
a
Lbs.
r
c
q
ui
O
n
e
of
14
C
alo
C
O
a
r
e
s
s
a
o
x
a
ojs[
able
H
e
a
t
for
jration
Allow-
p
e
r
c
e
n
t
for
ition
B
.
T
.
U
.
a
r
e
SS90X8
:
^
U90
a9d
o
oi
a
r
e
S
S90X9
:
^
u
^
o
a9d
09
.
•
^
&
-
.
g
>
>
«
<
w
.S
a
!
o
a
r
e
SS90X9
ojs[
ed
by
e
s
of
o
n
a
r
e
SS90X9
:ju90
a9d
o
O
T
H
e
a
t
Absorb
the
D
r
y
G
a
s
C
o
mbustii
B
.
T
.
U
C
C
a
r
e
SS90X9
q
.
u9o
a
ad
o
s
a
r
e
S
S90X9
ojs[
C
O
U
O
I
J
E
U
I
J
Oj
p
3jniST0]/\[
p
u
B
ajniSTopv
a
ajj
a
q
a
X
q
p
a
qjosqv
l^H
•fl
-
J
.
-
a
'3SSB
-Sbq
s
qj
J
O
-
qi
a
u
o
J
O
a
njBA
jBsq
ibjoj
a
q
x
T
o
t
al
Solids
s
s
s
B
^
B
g
ui
SJB3n§
-
u
ofvi
p
u
B
siB3ns
J
O
J3J
a
s
s
BS
Bg
U
I
jaqy
J
O
}U33
jaj
C
M
3S8B2Ea
U
I
ajnisiojAl
jo
luaj
jaj
3UB3
J
O
iqSpM
'lo
O
.
t
+i
o
O
Oo
C
O
lO
"
i
o
a
Ph
o
0
o
£
C
C
C
P
C
B
w
^
1/3
M
o3
O
a
;
^
fl
C2o
1800
1943
2140
2150
2360
1
2602
2722
3038
3443
o
(X)
C
O
C
M
<
M
C
O
C
O
C
M
C
O
oC
O
c
m
'
C
M
C
O
(M
C
O
t
-
-
C
O
(M
C
M
C
C
C
O
o
C
M
C
O
oiCO
id^
lO
o
q
C
O
C
O
C
C
o
n
C
O
1-6
o
-
V
lO
o
C
O
id
C
O
lOCM
G
O
1—i
C
O
id
1970
J
3'Ol
3027
2090
2528
i
3184
2209
2666
3345
oC
O
lO
lO
-fl
OlCO
C
O
o
C
O
lO
QOOllO
C
O
1^(M
C
O
oCO
Cjl
lO
C
O
1023
C
O
00
C
O
C
O
3626
4100
4816
o
o
lO
C
O
oi
C
O
o
o
00CO
o
C
O
lO
o
C
C
C
OlO
lO
c
m
'
o
lO
1>-
oo
o
O
C
D
•11C
D
^
ft
fl
fl
c
oo
t
D
lO
§^og
fl
o
fl
O)
o
.
fl
&
c
S
fl
C
D
m
•
C
O
C
O
^
flfl
SIs
fl
fl
C
B
o
ft
o
.
ft
C
O
1987
2135
2253
2430
ooC
O
C
M
C
M
o
o
C
M
3118
C
O
^CO
C
M
oC
O
C
M
C£)
C
M
C
CtH
C
M
C
O
C
O
C
O
C
O
C
M
lOo
C
M
C
O
O
O
lO
ol
c
m
"
C
O
C
O
o
o
lO
G
O
oiCO
C
O
C
O
o
^lO
id
ci
C
CIC
C
O
-
V
'dCO
-
r
lO
-
r
C
O
'
C
O
t
^
id
-
H
C
O
C
M
OilO
id
C
O
'
C
M
O
oC
M
O
I
id
C
O
2525
C
O
oC
O
C
O
2662
1>-
c
o
oOiCO
2792
iCCOCOCO
C
M
c
:
^
o-
H
oC
O
C
OCO
C
O
C
O
C
OlO
C
OCO
G
O
C
O
oCO
lO
C
O
G
OOi
C
O
C
O
C
O
4254
oG
O
C
O
lO
o
o
Ol
o
oi
o
o
o
C
O
C
O
-
H
C
O
o
C
O
C
O
oi
C
M
oiCO
o
L
O
oG
O
46 Louisiana Bulletin No. 117
SCOPE OF EXPERIMENTS.
In view of the principles discussed above, experiments were
planned for the purpose of studying the characteristics of
bagasse as a fuel, as well as the appliances used for its com-
bustion and the utilization of its heat. Furnaces representing
the different types were selected and, through the co-operation
of the owners, tests were made. The observations were such
as to facilitate the study of the fuel itself and all the conditions
affecting its combustion, such as weight of bagasse fed to the
furnace, moisture, fiber, sucrose, ash and calorific value of
the bagasse; grate surface; heating surface; ratio of heating
surface to grate surface ; total boiler horse power per ton of cane
per 24 hours; bagasse boiler horse power per ton of cane
per 24 hours ; diameter and height of stack ; dimensions of fur-
nace; draft and temperature in the furnace; draft, tempera-
ture and composition of the flue gases; volume of air supplied
to the furnace by blower and through draft doors ; the excess of
air, etc.
With a view of stiidying the effects produced by the various
methods used by firemen in manipulating furnaces, other expe-
riments were also made, in which the air supply was varied
by mieans of the stack damper, the fire doors and the speed of
the blower; the effects being shown in the furnace tempera-
ture, stack and furnace draft, flue gas composition, etc. It will
be noted that the above does not include the measurement of the
feed water. In other words, the evaporative test, with one ex-
ception only, was not used in these investigations. The orig-
inal plan did not include this kind of test, but it was decided
that as the evaporative tests, on account of the difficulties and
expense attached, would render it impossible to make more
than a few tests and this, in turn, making it impossible to gain
the general knowledge of conditions which was thought to be
of prime importance at this stage of the investigations.
The tests may therefore be regarded as ''furnace tests."
However, it was thought advisable to make one evaporative
boiler test.
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EVAPORATIVE BOILER TEST.
The object of this test was to gather some data as to the
evaporative value of bagasse to be used later in the study of
the furnace tests. This test was conducted according to the
rules formulated for boiler trials by the American Society of
Mechanical Engineers. The cane was weighed and the volume
of the juice was measured in the juice tanks. By observing the
density of the juice, its weight was calculated and this sub-
tracted from the weight of the cane gave the weight of the
bagasse leaving the mill. The feed water was measured in two
sugar wagons holding a known w^eight, from which it was drawn
alternately by the feed pumps. The per cent moisture in the
bagasse was obtained in the manner already described for the
furnace tests. The instruments used were all correct or cor-
rected by comparing with ones that were known to be correct.
Observations of the temperature of the feed water, flue gas,
and furnace; draft in furnace and stack and pressure of air
in blower discharge pipe
;
pressure in boiler and flue gas sam-
ples were taken every 20 minutes throughout the test, which
was of 11.5 hours duration. The observations were taken by
Mr. E. M. Percy and four graduate and senior students in the
engineering courses at the Louisiana State University, under the
supervision of the writer.
The boiler tested is that described as A^, under furnaces,
being a 318 rated H. P. Stirling boiler. Every precaution was
taken to insure that the blow-off valve and the feed pipe con-
nections did not leak. As there was no opportunity to con-
nect a steam calorimeter to the steam main, which had steam in
it, the quality of the steam was assumed as .98, or .02 moisture.
The boiler tubes had been blown off with steam a few hours
before the test.
The total ash and refuse was obtained by starting the test
with a clean ash pit and weighing the ashes, clinker, etc., at the
end. The ash and refuse in the dry bagasse (item 7) was
derived from the above by calculation. Item 11 (factor of
evaporation) was obtained by dividing B. T. U. required to
convert a pound of water at the feed water temperature of
79° into dry steam at the observed pressure of 97.8 lb. gage,
corresponding to a temperature of 336°, by the B. T. U. re-
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quired to convert a pound of water at 212° into dry
steam at 212° (from and at 212°). This may be expressed
1184^^79-32^^^^^^^
965.8
in which 1184.5 is the total heat in a pound of steam
at 97.8 lb. gage and 965.8 is the latent heat at 212°F. Item
10 is item 9 X 1.1774. Item 9 is .98 of item 8. The gross
calorific value of a pound of dry bagasse was determined by
means of a calorimeter and the net value calculated from it
in the manner described on page 14.
The efficiency of any machine is the ratio of energy it
converts into useful work divided by that supplied. In the
case of a boiler it is the ratio of the heat utilized in vaporizing
the water divided by the heat in the fuel. As shown by the
test, there was an equivalent evaporation of 2.26 pounds of
water per pound of fuel, and the net value of one pound of
bagasse was 3256 B. T. IT. The efficiency will therefore be
2.26 X 965.8
_ ^^^^
3256
Following will be found averages of observations and cal-
culated results:
Results of Evaporation Test.
Fuel used, bagasse.
Furnace, Stirling, with bottle neck.
Two grates, 5'x5' ; grate surface, sq. ft 50
Water heating surface, sq. ft 3,188
Ratio of heating to grate surface 63.6
Height of stack, feet 112
Diameter of stack, 48'' ; area in sq. ft 12.5
total quantities.
1. Date of trial Nov. 24, '08
2. Duration of trial, hours 11-5
3. Weight of bagasse as fired, lbs 69,200
4. Per cent of moisture in bagasse 52.1
5. Total weight of dry bagasse, lbs 33,147
6. Total ash and refuse, lbs. 754.4
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7. Per cent of ash and refuse in dry bagasse 2.27
8. Total weight of water fed to boiler, lbs 136,760
9. Water actually evaporated (quality
.98), lbs. . .132,835
10. Equivalent evaporation—dry steam, from and at
212°, lbs 156,400
11. Factor of evaporation 1.1774
12. Per cent ash in bagasse, as fired 1,09
HOURLY QUANTITIES.
13. Bagasse consumed per hour, lbs 6,017
14. Dry bagasse consumed per hour, lbs 2,882
15. Bagasse per sq. ft. grate surface per hour, lbs . . 121
16. Dry bagasse per sq. ft. grate surface per hour,
lbs 58
17. Water evaporated per hour into dry steam, lbs . . 11,551.0
18. Equivalent evaporation, from and at 212° per
hour, pounds 13,600.0
19. Equivalent evaporation from and at 212° per
sq. ft. of heating surface, per hour 4.27
Average Pressure, Temperature, Etc.
20. Steam pressure, gage 97.8
21. Temperature of feed water, degrees F 79
22. Temperature of flue gases, degrees P 594
23. Temperature of furnace, degrees F 1200
24. Flue draft, inches of water *
.87
25. Furnace draft, inches of water
.07
26. Quality of steam, per cent dry 98
Horse Power.
27. H. P. developed (item 18 34.5) 394.2
28. Builders' rated H. P 318.0
29. Per cent of builders' rated H. P. developed 124
Economic Results.
30. Apparent evaporation—actual conditions
—
per lb.
bagasse as fired 1.97
31. Equivalent evaporation from and at 212° per lb.
Dagasse as fired 2.26
32. Equivalent evaporation from and at 212° per lb.
of dry bagasse 4.7
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33. Per cent CO2 in flue gases 11-3
34. Per cent 0 in flue gases 8.1
35. Per cent CO in flue gases 0.23
36. Excess air, per cent '^1
37. Net calorific value of wet bagasse, per pound, B.
rp u 3256
38. Efficiency, per cent 67.0
Discussion of the Results from Evaporation Test.
Naturally, the item of most interest is the "Equivalent evap-
oration from and at 212° per pound of bagasse fired, item 31,
which is 2.26 pounds, or 4.7 lbs. per pound of dry bagasse.
This does not differ materially from tests made in the past by
other parties. Mr. Pharr made a test in 1896, in which 2.46
pounds of water were evaporated from and at 212° per pound
of bagasse as fired. This is a larger evaporation than that in
the test being discussed, but this may be accounted for in
large part by the fact that in his test there was only 42.2 per cent
moisture in the bagasse, while in this one there was 52.1 per
cent moisture.
It should be noted that in this test there was an overload
of 24 per cent (item 29), based on the builders' rating. This
condition of overload may be seen also in the fact that 4.27
pounds of water were evaporated from and at 212° per squar
foot of heating surface per hour, whereas, as discussed on pre
ceding pages, an equivalent of evaporation of about 3 pound
per sq. ft. per hour is taken to be normal. According to thi
4 27 3
there was an overload of X 100 = 42%. The tempera
3
ture of the flue gases, which was an average of 594°, corrobo-
rates the other evidences just named, of an overloaded heating
surface; in fact, it is about 100° higher than that which good
practice calls for. According to the results of Mr. Barrus'
tests, an increase of 6 per cent in the evaporation per pound
of bagasse may be expected with a decrease of 100° in stack
temperature. In the present case, therefore, by decreasing the
stack temperature to 494° the equivalent evaporation should be-
come 2.26 X 1-06 = 2.39 pounds. In other words, with the
changed condition, the fuel supplied (6017 pounds per hour)
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would be increased by the amount, 6017 X 24 X .06 = 8664
pounds per day of 24 hours, or 8664 X 100 = 866,400 pounds
per season. Assuming that 45 pounds of bagasse (see Table A)
are equivalent, in heat value, to 1 gallon of fuel oil, we have
866,400
—
—
— 19,033 gallons of oil thus saved per season. The
figures given above are for 300 tons daily capacity, so that for
a 1000-ton plant the saving would be
"^^'^^^ ^ ^^^^ ^ .
800 ^^.^^'^
gallons of oil. With oil at $1.00 per barrel, the equivalent of
money saved would be x 1.00 = $1510.00.
42
The question naturally arises, how is this decrease in stack tem-
perature to be brought about? The figures showing that the plant
IS evaporating above the normal quantity of water suggest at
once the advisability of increasing the amount of heating sur-
face, which means an increase in boiler capacity. By this
means the same amount of bagasse, generating the same quan-
tity of heat, would evaporate more water because less of the
heat would pass up the stack. In this connection it will be well
to notice that the average furnace temperature was 1200° F.
It may be said, however, that the temperature was often much
higher than this average, often going as high as 1500° and a
few times as high as 1600°
; in other words, when the furnace
was clean and doing its best, the temperature was usually 1400°
to 1500°. However, it is best to consider the results obtained
m the light of the average 1200°, and the average excess of
air, which was 71%, the latter varying from a maximum of
124 per cent to a minimum of 47 per cent. It would seem that
this furnace temperature was not so high as it should be for
efficient heat transmission, and that steps to increase it would
be proper. This could be done only by decreasing the excess of
air, or, m other words, increase the rate of combustion, whichm the test was ]21 pounds of bagasse per square foot of grate
per hour. As the combustion seemed to be as rapid as was
possible under the existing conditions, it would be necessary to
run the blower at a higher speed, increase the size of the blower
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or decrease the area of the grate, the latter being the
most prac-
ticable plan, in the opinion of the writer. In case the
boiler ca-
pacity were increased as suggested above, causing a smaller
quan-
tity of bagasse to be burned on each grate, it is evident
that
each of the grates should be decreased in size in order
that the
total grate surface of the plant will be not more than
before the
change; otherwise the rate of combustion will be decreased
be-
low that which existed before the change, and this is exactly
the
opposite of what seems to be best. In other words it would
seem best to make the grate as small as possible in any case,
as
the resulting intensity of heat will increase the
efficiency of heat
transmission. As will be shown later under furnace tests, rates
of combustion as high as 150 pounds of bagasse per square
foot
of grate surface in Louisiana and 170 pounds in Cuba
were
found to be easily carried. •
- In coal furnaces, the general practice seems to
take lOU^o
air excess as the approximate quantity of air required
to insure
complete combustion. In bagasse furnaces,
however, there
s.^c]ris to be less need for air excess on account of
the great
amount of air contained in the bagasse itself. In the
tests car-
ried on we have rarely found the air supply inadequate
enough
to cause the production of CO in the flue gas. The 71% excess
0^" air in this test therefore seems higher than necessary,
which
is another argument in favor of a greater rate
of combustion
for this furnace.
TESTS OF FURNACES.
It may be stated that the principal objects of the
furnace
tests were to observe the performance of furnaces
with varying
proportions, varying rates of combustion and varying air sup-
ply.
It was therefore necessary to carefully
measure the dimen-
sions of the boiler as well as the furnace.
The rate of combus-
tion (pounds of bagasse per square foot of grate surface
per
hour) was determined by dividing the weight of bagasse
feed
to the furnace per hour by the area of the grate in
square feet.
The weight of bagasse per hour was determined by
weighing
the cane fed to the mill and subtracting from it the
weight of
juice expressed.
Methods Used in Conducting the Tests.
Expert labor and chemical control, where employed,
proved
of great assistance in this work. For instance,
in all the modern
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factories, such items as capacity in tons per 24 hours ; extraction
and the per cent, of fiber, moisture and sugar were taken from
the records of the chemical laboratory. Otherwise these items
were determined in the following manner: For eight or ten
hours the cane was weighed previously to being put on the car-
rier; the volume and degree Brix of the juice extracted from
this weighed cane was observed and from this the weight of ex-
tracted juice was calculated. The weight of juuice divided by the
weight of cane and multiplied by 100 gave the per cent, ex-
traction.
As the bagasse issued from the last mill, 40 to 50-pound
samples were collected, put in three or four light sacks, and
placed on top of the boilers where they were dried for 24 hours
or more. From the initial and final weights the per cent, mois-
ture was calculated.
Stack temperatures were observed by means of a 700 deg.
Fahrenheit thermometer. A %-in. iron pipe, filled with cylinder
oil was placed in the stack at an incline and the thermometer
inserted and allowed to remain. The object of the oil was to
reduce fluctuations of temperature and breakage due to sud-
den ' blasts. Stack draft was determined by means of a U
tube manometer. This instrument is a small glass tube,
preferably about 14-in. diameter, bent into the shape of
Fig. f. Fig. 5.
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the letter U, figs. 4 and 5. The tube is mounted on a bloelv ol
wood and a scale graduated to tenths of an inch is fitted to the
block just back of the tube. The tube is filled with water until
the bottom of the maniscus, or curve of the water, stands at
zero. At the top of either leg, as at ''a," a rubber tube on con-
venient length is attached. To the other end of the riibb<ir
tube a metallic or glass tube of sufficient length to project some
distance into the stack is attached. Fig. 5 illustrates the instru-
ment in operation. Since the stack gases are of a high tempera-
ture and therefore greatly rarefied, there is less pressure exist-
ing within the stack than in the surrounding atmosphere. The
extent of this difference is measured by the displacement of
water in the two legs of the tube. As may be noticed in Figure 5
the water stands half an inch above and half an inch below the
zero mark, which makes a total difference of 1 inch. This is known
as a "draft of 1-in. of water." Draft is sometimes expressed in
ounces per sq. inch. 1-in. of water is equivalent to 0.577 ounces
per sq. in., so the two may be converted one into the other as
desired.
Fig. 6.
Fig. 6 shows the form of the instrument devised for meas-
uring the draft in the furnace. It is a modification of the U
tube manometer and operates as follows: A and B are glass
tubes of the same bore, one inch diameter by 3 inches in length.
These are corked at each end and fitted with small glass tubes,
S. The glass tube C is 14-in. bore and about 6 inches long. The
bubble D is obtained by inclining the instrument until it is en-
trapped. The draft causes a rise of the water in B and a fall
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in A. As the draft in the furnace is very small, usually less
than 0.1-in., this difference in water levels could not be read
accurately, hence the necessity for some device as C for mag-
nifying the reading. The extent to which the movement of the
bubble in C magnifies the reading is governed by the ratio of
the cross section areas of A and C. Take A with an inside
diameter = 1" which gives an area of .7854 sq. in. Take C
with an inside diameter = i/4" which gives an area of .049 sq.
in. Then .7854 : .049 : : x : 1 and x = 16. That is, a (liiTerence
of 1" levels in A and B will cause the bubble to move 16 inches.
A scale graduated to hundredths of an inch is mounted on the
block back of C. The stack draft was observed at the base of
the stack through a small hole made for the purpose, while the
furnace draft was usually taken at the fire door through the
damper.
Furnace temperatures were taken in most cases just behind
the bridge wall with a Bristol Portable Electric Pyrometer, Fig.
7. This instrument consists of an indicator graduated to read
INSTRUMENT
Fig. 7.
as high as 3000 deg. F. ; seven feet of fire end; and fifteen feet of
leads, all of which are detachable. The indicator is a milli-volt
meter graduated in degrees instead of volts. The fire end con-
sists of a compound-thermo electric couple terminating in a short
platinum rhodium couple from which a voltage proportional
to the temperature is induced. The electric couple is protected
by a covering of special fireproof insulation of asbestos and
carborundum. This insulated couple is in turn protected by
enclosing it in a %" iron pipe closed at one end, so that nothing
except the platinum-rhodium couple is exposed to the furnace
heat.
For the flue gas analysis an Orsat apparatus was used. The
sample was extracted from the stack by collecting over water
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with the aid of two sampling cans. From this sample 100 cubic
centimeters are drawn into the graduated burette of the instru-
ment and forced in succession through three bottles containing
potassium hydroxide, pyrogalic acid and cuprous chloride, which
absorb respectively the carbon dioxide, the oxygen and the carbon
monoxide.
The decrease in volume at each operation, due to the absorp-
tion, is measured in the burette.
The samples of gas, in these tests, were taken from the stack
when the boiler setting and smokebox were found to be without
cracks or other openings, otherwise they were taken at the back
of the boiler setting so as to insure that the samples were repre-
sentative of the products of the furnace only.
To determine the volume of air delivered to the furnace by
the blower, the velocity of the air in the discharge pipe of the
blower in feet per minute was determined and this multiplied
by the cross section area of the pipe gave the volume in cubic
feet per minute. The velocity was obtained by means of a Pitot
tube, shown in fig. 9, which operates as follows: *
Fig. 9.
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A and B are two brass tubes. A is open and of the same
bore throughout. At the end it is beveled, on the outside, to a
sharp edge in order to prevent eddies or similar air currents.
The bend ''A" forms a right angle and the open end is so placed
in the discharge pipe as to directly face the current of air. B is
bent and set in the same manner as A, but the end is closed and
tapered to a point. About half-way between the point and the
bent, a very small clean-cut hole is drilled in the side. As shown,
a U-tube is connected to these tubes. The pressure in the leg
connected to A will be that due to the static pressure plus that due
to the velocity of the air. The pressure in the leg connected to
B will be that due to the static pressure only. Since the two
tubes are connected to the two legs of the same U-tube, the two
pressures will oppose each other. The static pressure in each
case will counterbalance so that the difference in water level in
the U-tube is due only to the velocity and is known as the
velocity head.
The velocity head having been determined, the velocity is
determined by the formula V = cV 2 g h, in which V = velocity
in feet per second ; c a constant which may be taken as unity ; g a
constant = 32.2 and h the height in feet of a column of air
equivalent to the head of water (velocity head) shown in
the tube. The ratio of air head to water head would depend upon
the temperature of the air and water. For a temperature of
80° F. the weight of a cu. foot of air is .073 lbs. and of water
62.4
is 62.4 lbs., so that the ratio would in that case be — = 856.
.07 o
The formula would become, for this condition, V = c
V 2 X 32.2 X 856 H = 742 VH in which H is the height of
water in the U-tube, in feet.
The calorific value of the bagasse was determined by a Mahler-
Khraeger bomb calorimeter of the latest design. Average sam-
ples of the fuel were obtained by selection from a large quantity
and preserved in a sealed jar until they could be attended to in
the laboratory. The laboratory work on the fuel consisted in
determining the heat value and the ash. As is well known, an
increase in the percentage of ash in a fuel will cause a corre-
sponding decrease in the heat value.
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DESCRIPTION OF THE FURNACES TESTED.
All the furnaces tested belong to the three classes already
referred to, viz
: the dutch oven, the ordinary, the hearth, or com-
binations of one or more of these. There were in reality 35 differ-
ent furnaces, representing 19 different constructions, no two of
which were alike, the differences in any one type being brought
about by variations of the length, size, form and location of the
combustion chamber; the slope and height of the bridge wall;
the type and arrangement of grate bars ; the system of applying
or obtaining draft
;
by changes in furnace division walls
;
system
of feeding the bagasse, etc.
In the following furnace descriptions very little or no men-
tion is made of grate area, size and shape of combustion cham-
bers, and, in fact, anything that is self-evident from the draw-
ings. For a description of the boilers used in conjunction with
each of these furnaces see Table III. For other information on
this subject see Tables I and V.
In these tables each factory is designated by a capital letter,
A, B, etc. In some factories tests were made on two or more
furnaces of different types, each of which is designated in the
table by a subscript 1, 2, 3, etc. For instance, at factory G,
tests were made on three furnaces which are designated G^,
and G3. Sketches of the different constructions are given herewith.
These sketches are not to be regarded as more than approxi-
mately accurate. They are given mainly for the purpose of
showing forms and types. In some of them the mud drums have
been omitted.
IV
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FURNACE A —FIG. I.
This furnace is of the dutch-oven type built by the Sterling
Boiler Co. Its principal characteristic is that its combustion
chamber converges, somewhat like a bottle-neck, leading from
the bridgewall toward the boiler. Forced draft is obtained by a
blower belted to an engine the speed of which could be varied.
Air is delivered to the furnace through Gordon hollow-blast grate
bars, which alternate with herring-bone grate bars. The fan
discharge pipe, leading to the furnace is fitted with slide gates,
and the flue to the stack with a damper. Bagasse is fed from
a drag carrier running above the hoppers. Over each hopper is
an opening, the size of which is controlled by a slide which
regulates by hand the amount of bagasse delivered. The hop-
pers are fitted with weighted flap-doors which open automatically
with the necessary weight of bagasse which is discharged into
the furnace. B.y this arrangement much air is excluded.
FURNACE B —FIG. II.
In this construction there are no division walls between
the boilers of a battery and the furnace is placed directly under
the front end of the boilers. The bagasse is fed through four
hoppers which are located as shown in the figure. The method
of obtaining forced draft, the arrangement of grate bars, and the
method of feeding bagasse to the furnace are similar to those
described in A^, except that there was no gate in the discharge
from the blower with which to control the air supply.
C —FIG. III.
This furnace has no division wall. The method of obtaining
forced draft and the arrangement of grate bars is similar to that
described for A^. The furnace is fed by the Fisher bagasse dis-
tributer. This distributer consists of a shute (A), the entire
width of the furnace, at the bottom of which is a shaft (B) fitted
with cross-arms which revolves rapidly, thereby scattering the
bagasse over the surface of the grate. The flue is fitted with a
damper and the furnace with oil burners which are used only
when necessary to keep up steam. Frequently steam only was
allowed to flow through the oil burners for the purpose of burn-
ing down the bagasse when it was piled too high.
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Di—FIG. IV.
Dutch oven type. This furnace has a hollow division wall.
Natural draft is used, but it is equipped with hollow blast bars
and tuyeres in its side walls for the purpose of using forced
draft. The blower blast pipes are fitted with gates which per-
mits draft to be obtained in four different ways—namely, natural
draft, forced draft through the hollow blast bars alone, forced
draft through the tuyeres alone and a combination forced draft
through both. The furnace is fed as in A^. During the tests
chimney draft only was used.
E—FIG. V.
The hearth type, known as the Dunn & Sutcliffe furnace.
Bagasse is delivered to the furnace by the scraper carrier de-
scribed heretofore and fed to the furnace through two hoppers
which enter between the boilers. There is no grate and the
bagasse falls in two heaps on a fire brick floor at the ground
level. Forced draft is applied through 84 tuyeres, 42 in the
front wall and 42 in the bridge wall, the air being supplied to
the chambers (A) by a blower. There are doors at each end
of the furnace through which it is cleaned every few hours.
F,—FIG. VIII.
Dutch oven type. Forced draft is delivered through hollow
b^st grate bars alternating with herring-bone bars. Bagasse is
delivered by a drag carrier to two counterweighted door hoppers.
The hoppers dump too near the fire doors and the bagasse piles
against the front wall. This furnace is fitted with oil burners
r<ad they are in operation most of the time, chiefly to keep down
tha bagasse which tends to accumulate faster than it can be
burned. When the oil is off the steam jet of the burner is left on
ill order to blow and burn the bagasse away from the front wall.
G —FIG VI.
Dutch oven type. TJiis furnace is built by the Stirling Co.
and is known as their ''full dutch oven" type. The forced draft
system and furnace feed are the same as in A^. Oil burners are
(connected but are only used when necessary to keep up steam.
G^—FIG I.
See description under A^. Oil burners attached.
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G3—FIG. VII.
Dutch oven type. This furnace was built by the Casey &
Hedges Boiler Co. The forced draft, bagasse feed and hoppers
are the same as in A^. Oil burners used only when necessary
to keep up steam pressure. That part of the combustion cham-
ber back of the bridge wall is parallel to and unusually near
the boiler itself. The entire brick setting is enclosed within a
steel cage, which is supported at the back on iron pedestals.
H—FIGVIL
Same as Go, except that it was built by J. H. Murphy & Co.
Oil burner attached.
H —FIG. YIII.
Dutch oven type. The grate to this furnace extends back
nine feet, which would throw the bridge wall farther back under
the boiler than shown in Fig. VIII. Forced draft is delivered
thrcuTh J. II. ^I. hollow b^.ast bars alternating with herring-
bone bars.
Oil burners are attached but used only when necessary to
keep up steam.
I - FIG VI.
Sterling full dutch oven. Forced draft is delivered through
Koch hollow blast bars alternating with skeleton bars affording
a one-inch opening for natural draft. The furnace is fed as in
A3. Oil burners attached.
I3—FIG. VI.
Dutch oven type. This furnace is built by the Sterling Co.
and is known as their ''half dutch oven" type. The oven is
only 7 feet long instead of 11 feet, as in Fig. VI. Forced draft
is delivered through 14 3-8 tuyeres, 7 tuyeres on each side. The
grate is composed of skeleton bars only, affording a one-inch
opening between bars. The furnace is fed as in A,. Oil burners
attached.
I3—FIG. VI.
Sterling half dutch oven. The grate is composed of skeleton
grate bars only, affording a %" opening between bars. A 34"
steam pipe leads from the boiler into the smokestack. The end
in the smokestack is fitted with an elbow and nipple which is
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turned upward. This is used as a means of induced draft and
is regulated by a valve in the line. This furnace has no blower.
The furnace is fed as in A^. No oil burners.
J,—Fia. viii.
Dutch oven type. This furnace is fitted with hollow blast bars
alternating with herring-bone bars, but forced draft is used only
when the grates become choked. The furnace is fed as in A^.
K,—FIG. III.
This furnace is fitted with a Fisher bagasse distributer. See
description under C^. Oil burners are attached but are used only
when necessary to keep up steam.
L —FIG. XI.
This furnace is divided by 'hollow walls into a number of
^'retorts." Each retort is fed from one hopper, the bagasse
dropping on the ground. Forced draft is delivered through
tuyeres from the side walls. The hoppers are the flap-door auto-
matic dumping type. Oil burners are only used when necessary.
This furnace differs from that shown in Fig. XI in that there
are no partition walls between boilers of the battery.
L —FIG II.
See description under B^. Oil burners are used only when
necessary.
M,— FIG XI.
See description under L-,. There are tuyeres m the grate in
addition to those in the side walls. The fan discharge pipe
passes through the furnace back of the bridge wall which
heats the air supplied. The bagasse is fed by inclined shutes
from the front.
N,—FIG. VIII.
See description under Jjl^. Oil burners used only when nec-
essary to keep up steam.
O —FIG. IX.
Dutch oven type, built by the Continental Iron Works, to be
used in conjunction with their internally fired tubular boilers
using the Morison Suspension Furnace. Forced draft is deliv-
ered through the Whipple hollow blast bar. These bars permit
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of revolution, by which to clean, while in operation.
The ba-
gasse falls from the carrier to the hopper, from where it is
fed
between two rolls 1/2" apart to the furnace, thus
preventing
inflow of air through hopper. Oil burners used only
when nec-
essary to keep up steam
P _Fia. X.
This furnace is of the Dutch oven type as applied to the
Cook water tube boiler. The method of obtaining forced
draft,
the arrangement of grate bars and the method of feeding bagasse
to the furnace is the same as in A,. The furnace is fitted
with
nil burners which are used constantly, bagasse and oil being
burned in the same furnace.
P,—FIG. X.
See description under P^.
P3—FIG. XII.
Dutch oven type. The method of obtaining forced draft, the
arrangement of grate bars and the method of feeding bagasse to
the furnace are similar to that described in A^. Fitted with oil
burners which were used at all times, the bagasse and oil being
burned together.
Q —FIG. XIII.
Sse description under B^. Oil burners used when necessary
to keep up steam.
R —FIG. XIV.
The Hawaiian type of step-grate " furnace, built by the
Honolulu Iron Works and applied to the Babcock and Wilcox
hc[\2T. The feed hopper is also made by the same firm. It con-
sists cf a revolving roll, having pockets in its circumference.
Tliese pockets fill with bagasse from above and discharge into
the furnace as the roll turns. The flue is fitted with a damper
which slides vertically. Natural draft only is used, the air pass-
i!ig into the furnace through the grate bars at A and through
tuyeres C from the passage B, which is open at the ends.
R3—FIG. XIV.
See description under R,. Applied to a De Nayer boiler.
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R3—FIG. VI.
See description under G^. Wood is used when necessary tc
keep up steam pressure.
R —FIG. XIV.
See description under P^. Applied to a Stirling boiler.
Si—FIG. XV.
The hearth type, known as the Cook furnace. This furnaci
has only been found in conjunction with the B. & W. boilers
The principal characteristic of this furnace is that the furnace
proper is of the retort type and to the side instead of the front
of the boiler and one furnace supplies two boilers. The flue
gases from the back of the boiler pass under ground some 50
feet to the stack. The flues are fitted with dampers which slide
vertically. Some wood is used when necessary to keep up steam.
Air from a blower passes from the duct A through tuyeres to
the retort B, into which the bagasse drops from above.
T,—FIG. XVI.
Dutch open type. Applied to the Climax water tube boiler.
Its principal characteristic is its shape and length of combustion
chamber, which is self-explanatory in the sketch. Natural draft
only is used. Pivoted dampers are used in the stack. Each boiler
has its individual stack. Wood is burned in this furnace when
the bagasse supply is insufficient.
U —FIG XVII.
The grates are 8 feet below the boiler. The combustion products
pass under, return through and pass back over the top of the
boiler of the stack. Wood is only used in case of a deficiency of
bagasse, which is generally due to a stoppage of the cane mill.
Natural draft is supplied by a chimney for each boiler. The
bagasse is fed through inclined chutes from the front.
V —FIG. XV.
See description under Si. I
V2—FIG XV. I
See description under Si. M
V3—FIG. XIV.
See description under Rj. fl
Louisiana Bulletin No. 117 73
W,—FIG. XVIII.
Dutch oven type. Forced draft is delivered through tuyeres
in side walls and bridge wall. The flue gases pass from the back
of the boiler under ground some 150 feet to the stack. In this
passage is a device which heats the air before being delivered to
the furnace. The hopper is fitted with a Honolulu Iron Works
device as described under R^. Wood is used when the bagasse
supply is insufficient, though this seldom occurs except when
the cane mill stops.
PREPARATIONS FOR TESTS.
As the experiments were made with the plants running as
nearly as possible under normal conditions and as there were no
measurements of the feed water, little preparation was required
beyond placing the instruments. To do this, a hole about
in diameter was cut in the stack in which to insert the stack
thermometer and to get flue gas samples. Where there was a
blower, holes were cut in the discharge pipe for inserting the
pitot tubes (Fig. 9).
The pyrometer (Fig. 7) was inserted at a point such as
would give the temperature at the back of the furnace, or, better
still, just back of the bridge wall, where the temperature was
most likely to be highest and constant. It was inserted, when
possible, through a door at the side wall of the furnace. If
there was no such door, it was inserted through the fire door,
the instrument being long enough to reach to the back and top of
the furnace. For either of these places a wooden door was made
with a hole in it just large enough to accomniodate the pyro-
meter, the outside diameter of which was about 1". Every
time a reading was taken this temporary door was held in place
by one assistant, while another inserted the instrument; in this
way the conditions in the furnace being kept undisturbed. With
only one exception was a hole cut through the brick wall of
the furnace especially for the pyrometer.
OBSERVATIONS.
Everything being in readiness, the test was begun and a run-
ning log kept, consisting of the following observations taken
every fifteen or twenty minutes throughout the test : draft at the
base of the stack in inches of water, draft in the furnace in
inches of water, pressure in discharge pipe of blower in inches
of water, pressure in inches of water due to velocity of air in
the blower discharge pipe, flue gas samples, flue gas analysis, fur-
nace temperature, stack temperature, temperature of air in blow-
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er discharge, and boiler pressure. In case natural draft only
was used the items temperature of air in blower discharge, pres-
sure due to velocity of air and pressure of air (static) in blower
discharge were omitted. Following are reproduced sample run-
ning logs from three furnaces, the first two being with forced
draft and the last with natural draft only.
RUNNING LOG. TEST No. 14.
r.) }^
O :i
!^ -H
6
be
^eloc-
blowei 0)
be
Fhie-'j as An 'lysis
Number
of
re
Time
Draft
in
stacl
inches
of
wa
Temp,
in
stac
degrees
Fah
Draft
in
furn;
inches
of
wa
Temp,
in
furn
degrees
Fah
-
Temp,
of
air
i
blower
discli
Pres.
of
air
ii
blower
disci
inches
of
wa
Pres.
due
to
\
ity
of
air
in
1
discharge
Boiler
pres.
g
%
0 CO
1 2:00 0.5 6004- 0.08 1400 76 3.2
1
0.9 95 11.0 8.0 0.0
2 2:30 0.5 600-f 1350 3.1 0.9 92 12.0 7.0 0.0
3 3:00 0.5 600+ 1225 75 3.1 0.9 93 11.0 8.2 0.0
4 3:30 0.5 600+ 6.08 1250 3.2 0.9 95 11.0 9.0 0.0
5 4:00 0.5 600+ 1350 74 3.1 0.9 97
6 4:30 0.5 600+ 0.07 1350 3.1 0.9 90 12.6 7.2 6.6
7 5:00 0.5 600-^
600-1-
*74 3.1 0.9 97 11.0 8.1 0.0
8 5 :30 0.5 3.2 0.9 100
9 6:30 0.5 600+ 0.07 1200 73 3.2 0.9 102
REMARKS.—All flue gas samples taken from stacks. Breeching and
setting in good condition and without leaks.
RUNNING LOG TEST No. 74.
u
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blower
scharge
stack
draft,
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wa
ft
p rnace
draf
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wa
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r
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scharge
Pressure
of
i
supply
to
g
inches
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w
(D
U
J3
CO m
n-. CO CO. 0
%
CO
o 1^ %^ '3M pq ^
p. M.
1 3:30 1.1 400 .08 1700 82 280 0.8 65 10.6 7.6 0.2
2 3:45 1.0 420 .02 1800 83 300 0.8 65 12.6 5.6 0.0
8 4:00 1.1 420 .08 1675 84 3,05 0.8 61 12.6 5.6 0.0
4 4:15 1.0 360 .17 1550 83 304 0.8 70 13.0 5.8 0.4
5 4:30 1.1 390 .16 1853 84 300 0.9 75 13.0 5.6 0.4
6 4:45 1.0 400 .09 1650 84 306 0.85 75 10.8 9.0 0.0
7 5:00 1.0 410 .16 1650 83 306 0.8 75 14.0 4.4 0.8
8 5:15 1.0 410 .16 1650 83 310 1.0 75 12.0 7.2 0.0
9 5:45 1.0 410 .05 1500 78 305 1.0 75 12.0 7.0 0.0
10 6:00 1.0 400 .06 1350 78 300 1.0 65 11.0 8.2 0.0
11 6:15 1.0 420 .06 1500 78 300 0.9 65 11.4 8.0 0.0
]^EMARKS:
Readings 1-5, damper closed 40</o.
R(;adings 6-8, damper wide open.
Readings 9-11, damper closed about 60%.
R(!ading 4, with extra feed of bagasse.
Readings 9-11, with damper too close. Fire not good.
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RUNNING LOG. TESTS 12 AND 13.
No.
of
reading
Time
Staclc
draft,
inches
of
water
Staclc
temp.,
degrees
Fahr.
1
Furnace
draft,
inches
of
water
Furnace
temp.,
degrees
Fahr.
Boiler
pressure
guage
0 CO
J 5:15 0.55 0.15 95 7.0 12.4 0.0
2 5:30 0.6 510 0.20 7.2 11.8 0.0
950
0.03 6:30 0.6 500 0.13 1000 95 7.4 13.0
4 7:30 0.6 500 0.22 5.6 14.4 0.0
900
0.05 8:30 0.6 500 0.14 1000 90 12.2 7.8
1300
0.06 9:30 0.6 500 0.18 1000 85 11.0 9.2
1450
7 10:30 0.5 480 0.13 87 10.0 10.0 0.0
1350
0.08 10:40 480 0.2 85 10.4 10.0
REMARKS
:
Temperatures at top of line taken near back of furnace through feed
Temperatures at bottom of Une taken 10 ft. back of bridge wall.
Breaching leaky at front of boiler. Natural draft.
Flue gas samples taken at back connection for tests 1-4 mclusi >^e and
at base of stack for others.
In addition to the running log, data was obtained upon the
following variables : tons of cane ground per hour on the day of
the test; extraction, per cent of cane; per cent moisture in
bagasse
;
per cent sucrose in bagasse and per cent fiber in cane.
This latter, as already stated, was obtained from the records of
the chemical laboratory, or, if there was no chemical control, by
methods previously described.
Besides the variables already named, the following factory
data was obtained where possible: number, type, rated power,
heating surface and dimensions of all boilers (bagasse and oil) ;
dimensions of all grates; type and arrangements of grate bars;
type and dimensions of bagasse furnaces ; type, dimensions and
number of chimneys ; method of feeding bagasse to furnace, etc.
The observations included in the running log were taken by four
trained men. Of these, one collected the flue gas samples and
analyzed them; another manipulated the pyrometer in deter-
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mining furnace temperature, and the balance of the observa-
tions were distributed between the other two. The duration of
the tests on a furnace varied, though in most eases it was in the
neighborhood of four to six hours.
Tables I to V, inclusive, contain the observed and calculated
data from all the tests. The items in Column 9 of Table II-,
Columns 8, 9, 10 and 12 of Table IV, and Columns 4, 5, 6, 9, 10,
11 and 14 of Table Y are the averages taken directly from the
running logs. Data from the chemical laboratory is found in
Columns 2 and 3 of Table I and Columns 3 and 4 of Table II.
General factory data, including dimensions, etc., are found in
Columns 5, 6, 7, 10 and 11 of Table I ; Column 3 of Table III
;
Columns 2, 3 and 4 of Table IV, and Column 4 of Table V. The
items in Columns 8, 9, 12 and 13 of Table I; Columns 6, 7 and 8
of Tajble II ; Columns 5, 6, 7, 11 and 13 of Table IV, and Columns
7, 8, 12 and 13 of Table V were calculated from the other data.
These different items are grouped as shown in the different
tables so as to facilitate easy comparison, some of them being
produced in more than one table. The running logs were not
reproduced, as it was not thought their value would compensate
for the large space they would occupy.
EXPLANATION OF THE TABLES AND THE METHODS
USED IN CALCULATING.
In all cases, a factory is designated by a capital letter ; a fur-
nace by a capital letter with a subscript, and a test by numeral.
For instance, we find in Table IV that there were tests of three
different furnaces—I^, I, and L, at Factory 1. By reference to
Table V we find also that tests 29 to 33, inclusive, were made on
furnace I^, test 34 was made on furnace I, and tests 35 to 37 were
made on furnace I.^, the different tests on any one furnace being
generally under different conditions.
The calculated items were found as follows:
Table I.—The items in Column 8 were determined by divid-
ing the corresponding value in Column 7 by that in Column 2.
The items in Column 9 = items in Cohmn 5 ~ items in Col. 2.
The items in Col. 12 items in Col. 10 items in Col. 11.
The items in Col. 13 = items in Col. 2 less the total mois-
ture divided by 24.
Table II.—The calorific value yj^ a pound of dry bagasse wa?
determined by means of a calorimeter as already explained. The
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corresijonding value fj^rossj for a pound of wet bagasse, Col. 6,
and the net value for the same, Col. 7, also the loss due to mris-
ture, were ealculated as explained on jjage 14.
Table IV.—The pounds of bagasse burned per square foot of
grate surface per hour. Col. 6, equals the total weight of bagasse
per hour (Col. 13, Table 1) divided by the total grate surface.
The pounds of bagasse burned per square foot of heating sur-
face, Col. 7, equals the total weight of bagasse per hour divided
by the total heating surface. The per cent excess air. Col. 11,
and air pressure in blower pipe. Col. 13, were determined as ex-
plained on pages 22 and 54, respectively.
Table V.—The items in Col. 7 are the same as in Col. 6 of
Table IV. The cubic feet of air delivered by the blower per
pound of dry bagasse was calculated according to the method
given on page 57. The per cent ash, Col. 4, Table II, in the
bagasse was determined in the chemical laboratory.
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74.8
74.0
72.0
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74.0
75.0
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74.0
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75.0
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70.5
75.0
77.5
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80.0
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300
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300
500
500
500
235
334
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700
1200
OfX)
724
583
128
800
600
700
1200
1300
1560
1080
1500
1000
!
960
1700
2200
1976
1580
3300
2300
3000
3750
8800
2247
1.94
0.58
1.52
1.72
1.40
r.56
1.62
1.56
1.35
1.25
1.18
.96
.85
1.83
1.32
1.56
2.46
2.70
2.14
1.50
2.20
1.67
1.06
0.58
1.14
0.85
0.40
1.2
0.88
1.00
1.05
0.80
1.25
0.79
0.71
0.50
0.85
0.92
0.85
2.46
2.70
2.14
1.56
2.20
1.67
3188
1540
6200
3000
2268
7762
6600
8600
106fX»
7720
17600
9000
8500
120fJ0
9900
17520
10000
35100
17000
24000
45170
77000
22470
50
72
156
78
82
99
232
315
223
144
444
260
160
390
121
4f>4
250
592
120
140
480
340
333
64
21
79
38
28
78
28
27
46
54
40
35
53
21
80
38
40
57
143
172
94
226
67
5880
4584
11750
8160
12080
12187
17340
if>f;oo
19600
17340
27100
17920
20900
39200
25000
28200
20200
26000
17060
23800
40000
67000
30800
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TABLE II.
1 1 2 3 4 5 6 7 8 9
CD
O
h.
of
gross
h.
of
gross
Net
heat
value
of
1
lb.
of
wet
ba-
gasse,
B.
T.
U.
o
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Heat
value,
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1
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wet
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Stack
Temp.,
degrees
Fahi
A Louisiana 53.0 1.19 8396 3940 3256 684 593
B 50.0 1.26 8431 4215 3556 659 650
C 50.0 1.11 8427 4213 3590 623 500
D 54.0 1.21 8340 3830 3157 673 500
JCj
F 53.5
G 52.0 .96 8350 4010 3334 676 625
H 52.8 1.40 8283 3910 3252 658 500
I 52.0
J 52.0 1.44 8357 4011 3336 675 600
K 55.5
L 54.0
M 52.0
N i c 54.1 .86 8318 3820 3144 676 625
0 50.0
P 54.3 . .85 8409 3845 3186 659 650
Q 53.0
K Cuba 52.3 .75 8431 4020 3369 651 500
S 51.0 .76 8400 4115 3504 611 400
T C I 52.0 .83 8435 4045 3349 696 704
U 52.0 .87 8650 4150 3502 648 500
V i i 53.0 .78 8300 3900 3283 617 376W 1
1
51.0 .76 8380 4110 3494 616 423
TABLE III.
Kind of Fuel
Factory Furnace Figure DESCRIPTION OF FURNACE AND BOILER • Ugg^
A K I 1 319 H. p. Stirling bagasse
6 II. R. T., 48^'x24^ 2 12^' and 4 1''
flues oil
B II 3 H. E. T., 44^^x24'. 2 10'' and 5 61/2''
flues. bagasse
C III 4 H. R. T., 72''xl8'. 70 4'' tubes ... bagasse
200 H. P., II. R. T oil
D IV 3 I-I. R. T., 60''x24'. 20 6'' tubes. . .bagasse
300 H. P., H. R. T oil
EE, Y 3 II. R. T., 56''x28'. 3 15'' and 2 10"
flues bagasse
500 H. P., H. R. T coal
F VIII 2 H. R. T., 102"x22'. 122 5" tubes, .bagasse
G ^1 VI 2 150 H. P. Stirling? bagasseII 200 H. P. Stirling bagasse
G3 VI 2 H. R. T., 60"x22'. 20 5" tubes. . . .bagasse
500 H. P. Stirling ! oil
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TABLE 111—CONTINUED.
Kind of Fuel
Factory Furnace Figure DESCRIPTION OF FURNACE AND BOILER L^sed
H H, VII 2 H. R. T.. 72^^x18'. 70 4'' tubes bagasse
H2 VIII 4 H. E. T.; 60''x22'. 20 6'' tubes. . . .bagasse
yill 2 H. R. T., 60''xl8'. 44 4'' tubes bagasse
2 250 H. P. Scotch marine oil
11^ VI 1 500 H. P. Stirling bagasse
VI 1 290 H. P. Stirling bagasse
I VI 1 290 H. P. Stirling bagasse
500 H. P. Stirling oil
J J, VIII 4 H. R. T., 72^^x20'. 80
4'' tubes. . . .bagasse
3 H. R. T., 72''xl8'. 80 4'^ tubes. . . .oil
K Ki III 12 125 H. P., H. R. T bagasse
and oil
L Li II 3 H. R. T., 60''xl8'. 44 4'' tubes bagasse
L2 II 6 H. R. T., 54'^x24'. 20 6'' tubes. . . .bagasse
3 H. R. T., 60''xl8'. 44 4'' tubes. . . .oil
M Ml II 7 100 H. P., H. R. T. bagasse
3 120 H. P., H. R. T oil
N Ni XIII 12 H. R. T.. 60^'x24'. 20 6" tubes. . . .bagasse
6 H. R. T., 72''xl6'. 80 4'' tubes. . . .oil
O IX 3 II. R. T., ll'xie^ 196 31/2'' tubes, .bagasse
5 H. R. T., 72''xl8'. 66 4'' tubes. . . .oil
P Pi XI 300 H. P. Cook bagasse
and oil
P, X 4 250 H. P. Cook bagasse
and oil
P3 XII 6 H. R. T., 54''x24'. 14 6'' tubes. . . .bagasse
and oil
2 150 H. P., H. R. T oil
Q Qi XIII 10 H. R. T., 60''x24'. 20 6'' tubes. . . .bagasse
725 H. P., H. R. T oil
R Ri XIV 2 240 H. P. B. & W bagasse
R, XIV 2 260 H. P. DeNayer bagasse
R3 VI 1 500 H. P. Stirling bagasse
R.1 XIV 4 500 H. P. Stirling bagasse
S Si XV 4 300 H. P. B. & W bagasse
2 250 H. P. B. & W bagasse
2 300 H. P. B. & W coal
or wood
T Ti XVI 4 600 H. P. Climax bagasse
1 600 H. P. Climax wood
U Ui XVII 12 H. R. T.. 8'x22'. 147 4'' tubes. . . .bagasse
V Vi XV 10 550 H. p. B. & W bagasse
V2 XV 2 550 H. P. B. & W bagasse
V. XIV 2 550 H. P. B. & W bagasse
2 550 H. P. B. & W wood
VV Wi XVIII 5 batteries of B. & W. Total H. P.
2247 bagasse
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TABLE IV.
6
I
7
!
10
d o
o
CP
-
o w
cj a;
fa
"
<p Co
H CD
O 'OJD
11
PRESSURE OF
AIR IN
BLOWER
DISCHARGE
Figure
Ti 50 3,18b 0 A64 121.0 1 OA1.84
Ba II 72 1,540 21 63 2.9b
^1
TXT111 3,050 OA39 72 1 A/k1.90
IV no78 3,000 38 -1 A r'105 0 net2.72
XTV 82 2,268 no2b 14:7 D.30
XTT XXVlII 99 78 123 1.57
XTX
vl 54.8 1,500 2b 75 2.62
X
1 50 2,000 A A40 75 2.62
Go.
X7 XX
vll 72 -1 n f\r\1,600 22 2.62
TTXXVII 72 0 AAA3,000 A 141 53 1 AO1.93
TTXXX
vIII 81 -1 0 AA1,800 an27 t 1 AO1.93
T
II
TTXVI 127 A 0 AA4,800 3b 0 0bb l.bb
T
I2
XTXVI A 048 0 AAA2,900 n A60 8b l.bb
T
io
XTXVI 4b 0 AAA2,900 60 0 0bb l.bb
X
Jl
XTXXXV III 72 3,860 54 "f OA120 2.25
XXX
III 72 r» AAA2,000 28 61
-1 r Al.o4
XXXIII 90 0 AAA3,000 33 b'D -J AA1.99
XX
II 85 0 AAA3,000 35 65
-1 AA1.99
II 160 8,500 53 130 2.46
AT -\r XTXXlil 65 0 AAA2,000 31 -I AA100 3.26
TIT oU 1 09
X 60 3,000 50 60.5 1.61
P. X 63 2,500 40 60.5 1.61
P. XII 75 2,260 30 60.5 1.61
XIII 50 2,000 40 80.8 2.02
XIV 82.5 2,500 30 44 .74
R XIV 82.5 2,500 30 44 .74
VI 45 5,080 112 t .74
K XIV 82.5 5,030 61 44 .74
S, XV 40 6,000 143 142 1.00
T XVI 35 6,000 172 170 .98
U. XVII 80 7,530 94 83 .88
V. XV 34 11,000 324 197 .87
v; XV 26 11,000 425 197 .87
v., XIV 160 11,000 69 + .87
XVIII 48 4,400 67 93 1.37
.06
.07'
13
.07
.03
.06
.16.
.13
.04
.04
.07
.04
.11
.04
.05
.02
.05
.12
.06
.07
.08
.13
.03
.20
.41
.26
.12
.12
.16
.14
1,012
1,235
1,095
1,225
1,300
1,500
750
1,283
1,300
1.617
596
600+
506
501
600+
600+
600+
600+
600+
470
600+
527
540
600+
600+
575
577
600+
578
530
420
450
1,400
1,600
1,530
1,000
1,700
779
492
396
377
356
450
94
45
122
72
77
102
171
149
85
94
497
193
211
36
174
104
138
28
44
60
146
108
92
138
164
240
900
245
32
40
74
38
77
365
64
7.5
1.25
10.
* Heavy teed. t Light feed.
Draft in
Inches of
Water
CP t-i
o
TO
.
rj
d CO !m 12^
<'0 o
i ^5
Flue Gas Analysis
CVl
o o
o o
9 1 10 11 15! IS
P
14
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TABLE IV.
m
d o O
(X) CO
CD M
^ a;
10
rid
11
PRESSURE OF
AIR IN
BLOWER
DISCHARGE
Figure
I 50 3,188 64 121.0 1.84
B, II 72 1,540 21 63 2.98
0, III 78 3,050 39 72 1.90
D, IV 78 3,000 38 105 2.72
V 82 2,268 28 147 5.30
F. VIII 99 7,762 78 123 1.57
G. VI 54.8 1,500 28 75 2.62
I 50 2,000 40 75 2.62
Go VII 72 1,600 22 2.62
III VII 72 3,000 41 53 1.93
VIII 81 1,800 27 t 1.93
ii VI 127 4,800 38 88 1.88
I2
I3
VI 48 2,900 60 88 1.88
VI 48 2,900 60 88 1.88
VIII 72 3,860 54 120 2.25
Kx III 72 2,000 28 61 1.54
Li III 90 3,000 33 65 1.99
II 85 3,000 35 65 1.99
M, II 160 8,500 53 130 2.46
Ni XIII 65 2,000 31 100 3.26
U lA 41 Q A
p; X 60 3,000 50 60.5 1.61
p. X 63 2,500 40 60.5 1.61
p.- XII 75 2,260 30 60.5 1.61
XIII 50 2,000 40 80.8 2.02
XIV 82.5 2,500 30 44 74
R XIV 82.5 2,500 30 44 .74
% VI 45 5,030 112 t .74
XIV 82.5 5,030 61 44 .74
s. XV 40 6,000 143 142 1.00
T XVI 35 6,000 172 170 .98
u; XVII 80 7,530 94 83 .88
V. XV 34 11,000 324 197 .87
XV 26 11,000 425 197 .87
v.. XIV 160 11,000 69 + .87
XVIII 48 4,400 67 93 1.37
.06
.07*
13
.07
.03
.06
.16.
.13
.04
.04
.07
.04
.11
.04
.05
.02
.05
.12
.06
.07
.08
.13
.03
.20
.41
.26
.12
.12
.16
.14
1,012
1,235
1,095
1,225
1,300
1,500
750
1,283
1,300
1.617
1,400
1,600
1,530
1,000
1,700
596
600+
506
501
600+
600+
600+
600+
600+
470
600+
527
540
600+
600+
575
577
600+
578
530
420
450
779
492
396
377
356
450
94
45
122
72
77
102
171
149
85
94
497
193
211
36
174
104
138
28
44
60
146
108
92
138
164
240
900
245
32
40
74
38
77
365
64
7.5
1.25
10.
Heavy feed. t Liglit feed.
TABLE V.
Fig. I, Stirling bottle-neck. 319 H. P. water tube boiler
Boiler setting close
Pig. II, Burt furnace. 128 H. P. H. R, T. boilers
Boiler setting leaky
Pig. 3, 300 H. P. H. R. T. boilers
Boiler setting leaky
Pig. IV, dutch oven. 300 H. P. H. R. T. boilers. .....
Pig. V, hearth furnace. 200 H. P. H. E. T. boiler
Fig. VIII, dutch oven. 100 H. P. H. R. T. boiler
Pig. VI, Stirling. 150 H. P. water tube boiler
rling bottle-neck. 200 H. P. water tube boiler.
Pig. VII, C. and H. dutch (
Pig. VII, C. and H. dutch o
200 H. P. H. R. T. boiler
2,'50 H. P. H. R. T. boiler.
Pig. VIII, dutch oven. 150 H. P. H. R. T. boil.T
Pig. VI, Stirling dutch oven. 500 H. P. water tube boiler.
Pig. VIII, dutch oven. 325 H. P. H. R. T. boiler.
Pig. II. Burt furnace. 250 H. P. H. R. T. boiler. .
.
Pig. XI. retort furnace. 700 H. P. H. R. T. boiler.
Pig. XIII. Burt furnace. 170 H. P. H. E. T. boiler
Pig. IX, dutch oven. 250 H. P. Scotch marine boiler.
Pig. X, dutch oven. 300 H. P. Cook boiler
Pig. XIII, Burt furnace. 175 H. P. H. R. T. boiler
Pig. XIV, step grate dutch oven. 240 H. P. B. & W. boiler
Pig. XIV, step grate dutch oven. 260 H. P. DeNayer boiler
Pig. VI. dutch oven. 500 H. P. Stirling boiler
Pig. XIV, step grate dutch oven. 500 H. P. Stirling boiler
Pig. XV, Cook furnace. 300 H. P. B. & W. boiler. .
.
H. P. Climax boiler.
Pig. XVII, 025 H. P. H. R. T. boiler
Pig. XV, Cook furnace. 1100 H. P. B. & W. boiler.
Pig. XIV, step grate dutch oven.
Pig. XVIII, dutch oven. 440 H.
Sen foot note ,
Draft doors closed
Draft doors closed. Damper closed 1". Pan discharge
Draft doors closed. Damper closed 2". Pan discharge
See foot note
Draft doors closed
See foot note
See foot note. Gas sample taken from back connection
See foot note
Gas sample taken from back connection
Gas sample taken from back connection. Stack damper closed '25%
Sec foot note • - • •
See foot note. Gas sample taken from back connection
See foot note
See foot note
See foot note
Damper closed 30%
Damper closed 50%
See foot note
Damper closed 33%
Damper closed 45%
Very heavy feed. See foot note
liamper closed 33%
Draft doors open 3" at top
Damper closed 25%
Damper closed 25%. Draft doors closed,
Light feed. Draft doors opened 2" at top
Light feed. Natural draft
See foot note
See foot note. Using 4 oil burners in addition to bagasse
Damper closed 50%
Damper closed 50%
Damper closed 50%. Draft door closed
Sec foot note. Using 2 oil burners in addition to bagasse
See foot note. Induced draft by steam jet in stack
Sec foot note. Steam jet off. Natural draft
Steam jet off. Damper closed 66%
See foot note. Natural draft
Damper closed 33%. Blower engine making 160 R. P. M
Damper closed 66%. Blower engine making 220 R. P. M
See footnote • •
See foot note. Draft doors closed •
See foot note. Draft doors closed. Two oil burners on in addition to
bagasse
See foot note. Five oil burners on in addition to bagasse
See foot note. Draft doors closed
See foot note
See foot note. Gas sample taken from back connection
Draft doors closed. Gas sample taken from back connection
Draft doors, fire doors, dampers closed. Gas sample taken from back
See foot note
Draft doors closed ;
Oil burned with bagasse. See foot note
Oil burned with bagasse. Draft doors closed.
See foot note
Draft doors closed
Draft doors closed Gas sample taken from back i
Draft doors closed
Set foot note
Draft doors open 10"
Draft doors open 4"
See foot note
Very light feed. See foot note
See foot note
See foot note. Fires not good
Fires very good
Natural draft. Daniper ciosed 50%. Draft doors opened 13"
See foot note. Natural draft
Fire very deep on graftc. Fire doors opened 3" at top
See foot note
Impossible to burn more than a very light feed. See foot not
See foot note
Damper closed 50^^;
IP
NoTO.—Where not mentioned, it will be understood tha
the stack, bagasse was the only fuel, and forced draft was used
stack dampers, drpfft doors, and fan discharge dampers were wile open, and that the sample of the flue gas was taken from
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DISCUSSION OF DATA ON FURNACE TESTS.
Bagasse—The data relating to this subject is in Col. 3 of
Table I and Cols. 3 to 8, inclusive of Table II. The heat value
of the dry bagasse in the Louisiana factories varied from 8283
B. T. U. at factory H to a maximum of 8431 B. T. U. at factory
B, the average being 8368.
In the Cuban factories it varies from a minimum of 8300
B. T. U. at factory V to a maximum of 8650 B. T. U. at factory
U, the average being 8433 B. T. U.
These figures show a remarkably small variation in the heat
values of the bagasse from different plantations, the maximum
variation from the average being about 1% in the Louisiana
houses and 2.5% in the Cuban houses. Theoretically, the heat
value of dry bagasse composed of cellulose only should always
be the same. The actual bagasse, however, has two principle vari-
ables in it—ash and sucrose—which affect its heat value. The
sucrose, having a heat value per pound practically the same as
that of cellulose, can not affect it greatly. At the beginning of
these investigations it was, therefore, decided to make careful
determinations of the ash in each sample of bagasse, along with
the calorimeter tests, for the purpose of determining if there is
any uniform relation between the per cent ash and the heat
value of bagasse. It is evident that if there is any such relation
an increase in the amount of ash should cause a corresponding
decrease in the heat value per pound.
Col. 4, Table II, gives the per cent ash, based on dry bagasse.
Inspection of these figures shows the ash to have varied from a
minimum of 0.85% to a maximum of 1.44%, with an average of
1.14% in the Louisiana bagasse. In the Cnj3a bagasse it varied
from a minimum of 0.75% to a maximum of 0.87%, with an
average of 0.79%. Comparing these averages with the corre-
sponding averages of heat values stated above, we find that with
an average heat value of 8368 B. T. U. there was an ash of 1.14%
in Louisiana and in Cuba an average heat value of 8433 B. T. U.,
with an average of 0.79% ash. As the ash is not combustible, the
8433 B. T. U. for Louisiana represents the heat from 1.0 — .0114
=0.9886 pounds of combustible and the corresponding heat per
8433
pound of combustible would be =8530 B. T. U. A similar
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calculation for the Cuba bagasse would give a combustible of
1.0 — .0079 = 0.9921 pounds, corresponding to a heat value of
8433
8433 B. T. U. This would give——p =8500 B. T. U. per pound
of combustible. The close proximity of these heat values per
pound of combustible (8530 B. T. U. and 8500 B. T. U.) would
seem to indicate that the varying ash in different bagasses ac-
counts largel}'" for their differences in heat value. The sucrose
was not determined for all the houses where tests were made
and for this reason no mention was made of it in the tables.
However, the average of sucrose in bagasse for five mills in
Louisiana was 5.79% and for the same number of mills in Cuba
6.17%. This is somewhat unexpected, as the Cuban mills were
mainly of the nine-roller type, whereas those in Louisiana are six-
roller mills. However, the moisture, Col. 3, Table II, in the
bagasse from the Cuban mills was less, being an average of 50.2%,
varying from 51% to 53%, as against an average in Louisiana of
52.1%, varying from 50% to 54.3%. This shows a very small
variation in mill work.
The net heat value of one pound of wet bagasse. Col. 7,
Table II, the manner of calculating which has been explained,
varies also within small limits, the average for Louisiana being
3312 B. T. U. and for Cuba 3367 B. T. U., the maximum varia-
tion from the average in the former being 8.3% and in the lat-
ter 4%).
Combustion of Bassage.
Flue gas analysis—The conditions encountered as regards
flue gas analysis are shown in Cols. 9 to 13, inclusive, in Table V.
To say the least of it, these figures show large variations in fur-
nace conditions, though in very few cases was there enough CO
to indicate appreciable loss from incomplete combustion, or, in
other words, lack of air. It may be seen by a study of these
figures that with few exceptions appreciable quantities of CO
were accompanied with less than 50% air excess—that is, with
adjustments of the stack, damper, draft, doors, etc., such as to
materially reduce the air supply, though small quantities of CO
are found, with very large quantities of excess air, due, no doubt,
to the difficulty of thorough admixture of the products with the
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air supplied, the air supply in large part coming through the
uncovered grate at the edges of the pile, and therefore not well
distributed through the fuel. It would seem, therefore, that in
bagasse burning the problem is to reduce the air excess to the
minimum, 50% being evidently sufficient, though with other
solid fuels this would be considered too small an allowance.
The average gas analysis for all tests is 9.01% CO2, 9.83%
0 and 0.17% CO. This would be considered a fair analysis for
coal, though for bagasse there are many analyses in the table
giving evidence that the % CO2 can and should be higher. The
best analysis, judging from CO2 content, is that in test 67, with
17.9% CO2, 1.0% 0 and 1.8% CO. The % CO may perhaps
be too large in this case, though the writer questions this, so
that perhaps such an analysis as that in test 45, with 16.3% COo,
3.16% 0 and 0.46% CO should be taken as being more desirable.
It should be noted that in the average analysis given above the
sum of the three components is 19.01%—that is, 2% less than
the theoretical 21%, the quantity that should exist were the
carbon compounds and oxygen the sole constituents of the gases
analyzed. In many of the tests this deficiency is seen to be still
greater, as, for example, in test 50 this sum is only 18.15%. It is
likely that all steam contained in the gases would be condensed
in the sampling apparatus so that none would reach the analyzing
apparatus. It appears, therefore, that there must be small quan-
tities of compounds other than the carbon oxides in the gases.
These could be either free hydrogen or unburned hydrocarbons,
neither ofwhich can be determined with the Orsat apparatus used.
It was thought that the discrepancy might have been due to
some fault in the analyzing instrument, but it was carefully
overhauled and tested and found reliable. The data of the table
seems to show no particular relation between this quantity and
other variables, such as form of furnace, temperature of fur-
nace, etc. In the future w^e hope to procure an instrument by
which to investigate this matter more fully, determining more
of the constituents than we were able to determine with the
apparatus used in these tests.
Rate op Combustion.
The data on this subject is found in Col. 7, Table Y. A study
of the same shows some interesting relations with the flue gas
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analysis and furnace temperatures which are found in the same
table. The rate of combustion varies from a minimum of 44 at
factory R to a maximum of 197 at factory V. There seems to be
greater variation in this than in any other one factor in the
burning of bagasse and in the opinion of the writer, after much
observation and experimental work, it is one of great importance.
The figures upon the rate of combustion (pounds of bagasse
per sq. ft. of grate per hour) can not be regarded as more
than approximately accurate except in the small factories tested,
where the bagasse was burned in one or two furnaces of the
same type and dimensions. As already explained, the weight
of the bagasse was found by subtracting the total juice of the
factory from the total cane ground, no weighing being made of
the bagasse fed to each separate furnace, which, for obvious
reasons, would have been practically impossible, or, at least, very
difficult. The rate of combustion was found by dividing the
total bagasse per hour by the total grate surface of the factory.
In some of the factories as many as four furnaces were tested
and it is, of course, unreasonable to assume that the feed and
furnace conditions were such as to give the same rate irt each,
especially as the tests were not made at the same time. How-^
ever, as the different furnaces of a factory have, in most cases,
the same source of air supply and the same grate arrangement,
it was possible, by carefully watching and adjusting the feed to
the individual furnaces, to insure a practically constant rate of
combustion in the different furnaces, not differing radically from
the factory rate found in the table. On account of the approxi-
mate nature of this data some inconsistencies will appear in the
comparisons which will now be made. Comparing the corre-
sponding rates of combustion and excess air in Cols. 6 and 11,
r3: )ectively of Table IV, we find that in a general way, the per
(ijnt excess air is inversely proportional to the rate of combus-
tion. This may be seen better by grouping the tests and using
the averages for comparison. Averaging the rates of combus-
tion and the corresponding per cents of excess air for rates of
combustion of 40 to 80, inclusive, we get an average rate of 60.2,
with an average air excess of 142%. Likewise, for rates of com-
bustion of 80 to 120, inclusive, the average rate is 94.3, with an
average air excess of 96.6. For rates of combustion above 120
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the average rate is 159, with an average air excess of 61. Plot-
ting a curve with these rates of combustion and per cents excess
air as coordinates gives practically a straight line. The reasons
underlying the above relations have been explained at length.
Through the data obtained in these tests the writer is led to
believe that the rate of combustion should be not less than 100
—
in fact, the best furnace performance found in the tests was with
rates entirely above this, notable examples of which are to be
seen in furnaces A„ E„ J„ M^, S„ T^, V, and Y^. Evidence of
the good results from such operation will be found in the high
furnace temperatures and good gas analyses ; also the low stack
temperatures, except in cases where the heating surface was
insufficient.
Depth of Fuel Bed.
Another means of reducing the excess air closely related to the
above is that of increasing the depth of the fuel on the grate
and especially at the edges. No data upon this is shown in
the tables, but it was observed that in nearly all cases the best
results were obtained in furnaces in which the grate was com-
pletely covered at the edges to a depth of several inches, which,
of course, reduces the possibility of unmixed air passing through.
Tests 45, 65, 67, 69, 70 and 73 were made under such conditions,
the depth of the fuel at the edges of the grate being in no case
less than about 15 inches. In each of these the fuel was fed
from a single point above so that piles of pyramydal or, in
test 67, conical shapes were formed, the least depth of which
was as just stated.
Control of the Eate of Combustion.
The question naturally arises, can the rate of combustion
be controlled in design and in operation, and, if so, how? Of
course, it will depend, first, upon the moisture in the bagasse,
other things being equal, the greater the moisture, the lower
the rate of combustion that is possible. On the other hand, no
matter what the moisture content (within reasonable limits)
large rates may be obtained by supplying a sufficient quantity
of air to it, with a sufficient pressure. This means that a strong
chimney draft must be arranged for in case of natural draft or
a sufficient blower capacity in case of forced draft. In order to
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carry thick fuel beds, as advocated above, the air pressure must,
of course, be stronger than for thinner fires. From Columns
12 and 13 of Table IV it seems, however, that the pressures
required are not very high. It will be seen that the blower
pressure varied in those tested, from 1.1 to 10.1 inches of water,
the pressure being observed in the discharge pipe near the
blower. With no fuel on the grate the pressure on the blower
would be practically nothing—in other words, the pressure is
proportional to the resistance to the flow of air through the
fuel or through the air pipes. The figures just referred to
may, therefore, be taken to roughly indicate the relative depths
of the fuel on the grate, provided the resistance in the air pipes
was the same in all cases. Col. 8, Table V, gives the volume
of air in cu. ft. supplied by the blower per pound of dry bagasse.
The average of those tested is 33.4 cu. ft. per pound, varying
from a minimum of 7.5 to 68.4 cu. ft. per pound. With a mois-
ture in bagasse of 52% this would be equivalent to an average of
33.4 X 1 — 0.52 33.4 X .48 =16.03 cu. ft. of air per pound of
bagasse as fired.
In order to obtain some knowledge of what proportion the
volume of air supplied by the blower is of the total supplied
we may calculate the latter. Take, for example, the test on
furnace E^, the air supplied by the blower being 31.2 cu. ft. per
pound of dry bagasse and the gas analysis 11.3% CO2, 7.9% 0
and 0.0% CO. A calculation based upon this flue gas analysis
shows a total supply of 126.1 cu. ft. per pound of dry bagasse, or,
31.2
in other words, o^^yj^gy X 100 = 24.7 % by the blower, th>^
balance leaking in at the hoppers, through grate, cracks, etc.
The rate of combustion (pounds of bagasse per sq. ft. of grate
per hour) in a furnace burning a given amount of fuel per unit
of time will depend upon the size of the grate—that is, to in-
crease the rate of combustion without changing the total fuel
per unit of time, the grate area must be decreased. The qups
tion of the proper grate area will be discussed later in con
nection with that of heating surface.
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Relation of Furnace Temperature to Air Excess.
From what has been explained on former pages we should
expect higher furnace temperatures as the excess air is decreaseu,
though there are, of course, other variables aftecting the furnace
temperature, principal of which is the thoroughness of mixing
the products arising from the fuel fed. The pyrometer used
for determining the furnace temperature was a reliable instru-
ment, but very delicate, and, unfortunately, had to be sent to
the factory for repairs during the time occupied by
the experiments. For this reason it was necessary to
make a large number of the tests without it, as will
be seen from the tables (Table IV, Col. 9, and Table
V, Col. 14). After making a large number of observa-
tions of furnace temperature, however, with the instrument the
observer became practiced in estimating it from the color of the
furnace and the brick walls of the furnace, and such estimates,
though approximate, were made for all the tests, while the pyro-
meter was out of commission. The values thus obtained are
given m the accompanying table.
No. of Test. Furnace Temp. No. of Test. Furnace Temp.
29 1200 56 1500
30 1350 58 1200
41 1200 59 1250
42 1400 60 1400
44 1300 61 1050
45 1550 62 800
46 1250 63 1000
47 1300 64 1300
48 1300 65 1600
49 1300 66 1200
50 1400 67 1500
51 1400 68 1400
54 1600
By arranging the different tests where the pyrometer was
used in three groups, in which the excess air ranges
from 20 to 70 per cent, 70 to 120 per cent and 120
per cent upward, respectively, and averageing the per
cents of excess air and the corresponding furnace tempera-
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tures in each group ; we get with an average air excess of 55.4%
an average furnace temperature of 1475° ; Avith an average air
excess of 85% an average furnace temperature of 1290°, and
with an average air excess of 272% an average furnace tempera-
ture of 1146". These averages include the tests made with ba-
gasse only as the fuel, tests 52 and 53 being omitted, as oil
was burned with the bagasse in them. These averages show,
roughly, at least, that the furnace temperature varies inversely
with the per cent of air excess, though not according to a definite
proportion. The latter, however, is not to be expected, as the
furnace temperature depends upon other variables besides the
quantity of excess air and for the further reason that the ob-
served temperatures could not all be taken at the hottest portion
of the furnace.
Am Supply.
From the foregoing it would seem that the regulation of the
air supply, generally to cut down the surplus, is of considerable
importance, as by that means the furnace temperature is in-
creased, which means transfer of a larger proportion of the
heat generated to the water in the boiler. In order to study the
effects produced by the various methods of controlling the air
supply, various experiments were made in which the speed of
the blower, the opening of the stack damper, the opening of the
ash pit doors, etc., were varied, observations of flue gas analysis,
air excess, stack draft and temperature, furnace draft, and, in
some cases, furnace temperature, showing the effects produced.
Comparisons of this nature are best made by changing condi-
tions in the same furnace and observing the effects. Following
are partial running logs for tests of this kind upon a number
of furnaces, the conditions under which they were made being
stated at the end of each log.
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CO,
7.
( 0
Test Ko. K).
1
2
8
2.0
1.2
0.2
17.2
10.8
21.0
0.0
0.0
0.0
()00 plus ()00 .09
.07
.06
.07
.45
900
750
.45
Ave. 1.18 19.7 0.0 79.2 1720 000
pins
Test No. 17.
4
5
6
(>.()
().2
7.8
18.4
18.8
12.2
0.4
0.0
0.0
600 phis .80 1050
800
1050
.06
.08
.06
.20
Ave. 0.0 18.1 0.1 79,9 190
(^00 plus .25 9tr7 .07
Test No. 18.
7 6.6 18.4 0.2
8 8.0 12.6 0.0
9 9.0 11.0 0.0
10 8.4 12.6 0.1
11 7.0 18.2 0.0
Ave. 7.8 12.6 .06
600 plus
600 plue
.15
.25
.25
.25
1100 .04
1800 .04
79,6 156 .28 1200 .04
Test No. 17—Draft doors open; damper closed 30%.
Test No. 18—Draft doors open; damper closed 50%.
By reference to Table V we note that tlie grate of this fur-
nace was relatively large, only about 75 pounds of bagasse
being
burned per sq. ft. per hour. It will be noticed that as the stack
damper is closed more and more the flue gas analysis improves,
the air excess decreasing from 1720% to 156%. At the same
time, there is a corresponding increase in the furnace tempera-
ture from 750° F. to 1200 F., which was naturally to be ex-
pected. The high stack temperature, however, is not so easy to
explain, especially with the very low furnace temperatures. It
is, however, due to the fact that with so much air the volume
of gases and air is such as to cause a velocity so high that the
time of contact with the heating surface is insufficient for absorp-
tion. Unfortunately, the stack temperature was too high to note
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any change due to decrease in air excess, with the thermometer
used. It is interesting to notice also the decrease in the stack
and furnace draft due to the partial closing of the damper and
the draft doors. The supply of air through the blower was
practically constant throughout the three tests. The furnace
draft decreased from 0.07 inch of water in test 16 to 0.04 inch
in test 18, thus approaching the balanced condition which has
been referred to on former pages. The three tests above con-
sumed several hours' time during which the feed was not far
from constant.
Tests 24, 25 and 26, data for which is given in the table
following, show much the same effects as for the above. The high
stack temperature is no doubt due to the small ratio of heating
surface to grate surface, which was only 41.
Readings
9
0 CO X
Ex-
cess
Air :ack
Temp.
ack
draft
arnace
Temp.
1
rnace
draft
m Ul
Test Xo. 24.
1 9.0 11.0 0.0 (300 plus
_
o 11.1 0.4 0.0
. /
1825'
10.3 10.2 0.0
.0 1875
Ave. 10.8 10.2 0.0 79.5 94 GOO phis .65 1850
Test Xo. 25.
4 18.8 6.2 0.2 600 plus .4
5 18.6 6.5 0.2
.5
.46 13.8 ().4 0.2
Ave. 18.75 6.4 0.2 79.7 46 600 plus .4
Test Xo. 26.
7
8
14.4
14.2
5.2
5.2
0.6
1.0
600 plus .40
.85
0.21
i
Ave. 14.8 5.2 0.8 79.7 40
1
600 plus .37 0.21
Test 24.—Stack damper open. Draft doors open 3 in. at the top.
Test 25.—Stack damper closed 25%. Draft doors open 3 in. at the top.
Test 26.—Stack damper closed 25%. Draft doors closed.
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Increase in stack temperature due to increased air excess
and wide open dampers and draft doors is clearly shown by-
comparing the data from tests 67 and 68 given in the following
table. Both tests were made with natural draft only. Note
the effect on the furnace and stack drafts due to damper and
draft door manipulation. The high temperatures in the stack
are probably due to the fact of very high furnace temperatures
and that the boiler was of the vertical water tube type, with
only one pass of the gases over the heating surface. Reference
to Table lY shows that the ratio of heating surface to grate
surface is 172. The high stack temperature can not, therefore,
be due to lack of heating surface.
Per Per Per Per u a
S d Ki
Cent Cent Cent Cent 0 m
<v
'C
00
.s
N
<L> m0 CD
Read
CO2 0 CO
stac
0
d
m
Fun
Test No. 67.
1
2
17.6
18 6
19.0
18.4
18.8
17.6
15.4
0.6
0.4
0.4
0.2
0.4
1.8
2.8
2.0
617 .25 .33
599 .22 .30
3 0.4
3.8
.23
4 666 .27 .30
5
6
7
1.4 669 .27 .35
0.4
1.9
()44 .23 .35
;3.i 637 .27 .35
Ave. 17.9 1.0 1.8 79.3 17 639 .25 .32
Test No. 68.
8 14.0
10.4
5.4
10.0
0.0
0.0
788 .50 .42
9 770 .47 .40
Ave. 12.2 7.7 0.0 80.1 64 779 .49 .41
Test No. 67.—Draft doors open 13 in. at the top and the stack damper
closed 50%.
Test No. 68.—Draft doors and damper wide open.
Stack temperatures taken with a pyrometer belonging to the factory.
Tests 38 to 40, inclusive, show results similar to those just
discussed for other tests. The balanced condition of draft al-
ready referred to, may evidently be brought about in two ways—
by reducing the stack draft or by increasing the quantity of air
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supplied by the blower. It will be seen in test 40 that with the
damper closed 66% and with the blower running at its maxi-
mum spqed the furnace draft is reduced to 0.02 inch of water,
which indicates very nearly the balanced draft. In this case
the flames were seen to roll and reverberate instead of the usual
thin sheet with a high velocity. The feed in these tests was as
nearly constant as it was possible to produce.
Test No. 38
Ave
%
CO2
14.2
14.8
13.4
13.2
11.8
15.0
14.6
12.4
13.7
3.2
3.8
6.0
6.0
8.4
3.0
5.0
8.2
5.5
%
CO
0.0
0.0
0.0
0.0
0.0
2.0
0.6
0.0
%
N
0.32 80.5 46
600+
600+
600+
600+
600+
600+
600+
600+
600+
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
Test No. 39<
.09
.09
.11
.11
.19
,11
9
10
15.8
14.2
4.0
6.5
5.25
0.2
0.0
600
590
.25
.10
.08
.09
33Ave 15.0 0.1 79.7 595 .17 .085
I I I I III II
Test No. 40. 11
|
16.8123.0 I 1.6 I 79.61 191 530 i .101 .02
I I I I I I I II
Test. No. 38—Draft doors and stack damper open. Natural
draft used.
Test No. 39—Draft doors open. Stack damper closed 33%.
Forced draft used. Blower engine making 160
R. P. M.
Test No. 40—Same as No. 39, except that the damper was closed
66% and blower engine making 220 R. P. M.
Louisiana Buli^etin No. 117 93
In the above tests we again have stack temperatures some-
what high, due, mainly, to the fact of a small ratio of heating
surface to grate surface—that is, scanty heating surface, the ratio
being 54. Unfortunately, the furnace temperature could not be
measured, though it was estimated to be in the neighborhood of
1400° F.
The following tests were made in a furnace with ratio of
heating surface to grate surface of 60 and in which about 88
pounds of bagasse were burned per square foot of grate per hour.
C0<
fl
1 I 4.4
Test No. 35^ I 2 1 6.6
tl
Ave|
I
!
5.5
15.4
13.8
14.6
CO
0.2
0.0
0.1 80.8 264
600
580
590
.08
.08
75| .08
r
Test No. 36^
3
4
Ave
7.0
6.6
6.8
13.0
13.0
13.0
0.0
0.0
0.0
I
80.2
I
194
550
530
540
.6
.04
.05
.045
Test No. 37]
5 7.0
7.6
12.4
12.4
0.0 480 .5
6 0.0 490 .7
Ave 7.3 12.4 0.0 80.3 174 485 .6
Test No. 35.— Draft doors and stack damper open. Induced
draft by steam jet in stack.
Test No. 36.—Draft doors and stack damper open. Steam jet
off. Natural draft.
Test No. 37.—Same as in 36 except the damper is closed 66%.
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TESTS ON FURNACE V,
o c
!->
O d
o
-M
£
0)
K
Ct
c cc d EhQ C
Xi
c
c
o
c
CM
g
)ri(JjU irnac
ick
cc
raft
d
c: dec
~
1 10 :00 -1 O Alo.O n A6.0 0.0 Fair .55
Z 10 :lo 11.2 7.8 0.0 Fair .4 .5 1700
s 10 :30 15.0 3.3 0.1 Good .24 .5 1600 ....
t4 •1 A <
"
10 :4o -I O A13.0 6.4 0.0 Fair .45 1700 440
rr5
-1 -1 AA11 :00 13.3 7.0 0.0 Fair .40 .45 1650 480
b
-| O AA12 :00 9.2
-1 A A10.0 A A0.0 Low .45 .4 .8 1400 500
f— 12:15 15.0 4.2 0.0 Good .45 .6 .9 1500 500
8 12 :30 16.3 2.6 1.2 Good .45 .65 J-UUU OXJU
9 12 !45 16.0 3.6 0.8 Good .50 .65 1600 500
10 1:00 16.2 3.4 0.4 Good .45 .65 1600 510
11 1:15 3.0 17.0 0.0 Good .45 .70 1600 510
12 1:30 14.4 4.6 0.4 Good .40 .80 1.0 1550 510
13 1:45 15.0 4.4 0.2 Good .45 .80 1.0 1600 510
TESTS ON FURNACE G,
^ d
1^
d
,1^
Eemarks
6.0
4.0
6.2
5.4
11.4
7.4
9.4
12.4
12.0
12.4
12.2
12.25
0.0
!
13.4 0.2
13.4
13.6 0.1 1168
13.4 0.1 1166
7.6
12.6
10.1
7.4
7.8
600+
!158 600+
0.0
0.0
0.0
00
146
89
600^
600+
600+
600+
600+
7.4 0.1
7.0 0.2
0.0
0.0
7.4 0.07
53
49
53
600+
600+
600+
581600+
541600+
.6
,65
.62
,55
,65
1250
1200
1400
1283
1550
1500
60 1525
1550
1450
1500
1500
,1812.8
17|3.0
^-^'3.0
3.0
2.8 1
2.9
I
2.95[
.13
.16
,14
12
.13
11
10
11
.11
.3i
.31
.31
2.9
2.9
2.9
2.9
.3|Damper wide open
!
.3i
.31'
.3|Damper closed 30%
Damper closed 45%
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From the foregoing data it is evident that a stack damper
may be made to serve a good purpose in the reduction of the
amount of excess air, especially if forced draft is used, in which
case the object of the stack is to carry the smoke away, the air
being supplied by the blower. The position of the stack damper
with such an arrangement would depend upon the rate at which
the fuel is burned, the opening being less for the small feed
and vice versa. The fact is, as shown by the data above, that
the greatest losses through excess air occur with furnaces run-
ning below normal feed.
Stack Temperature.
The fact that the thermometer used for measuring the stack
temperature was of a capacity below that required in many
cases has been mentioned. A 1000° F. and a 700° F. thermom-
eter were ordered for this purpose, but through a mishap only
the latter arrived in time for most of the tests. The
700° F. instrument was found to register accurately as
high as 600° only. However, even in the face of this fact, the
figures show very plainly that the stack temperatures in the
majority of the Louisiana houses were very high—in fact, much
too high for a reasonable fuel economy. This was shown not
only by the fact that so many of the readings were above 600°,
but by the other evidences of great heat, such as the cracking
off of the paint of the stack and the discoloration of the metal
In many cases this was very noticeable. In fact, there is no
doubt but that in several tests the temperature was between
700° and 800°, though in all such cases it is recorded as 600° +.
In the Cuban factories, it will be noticed, the temperatures were
generally satisfactorily low. Sometimes a high stack temperature
is due to the burning of CO to COg at the base of the stack
when there is a supply of air through openings in the stack
breeching. Since, however, the flue gas analysis shows an almost
entire absence of CO in bagasse furnaces, such is not likely to
be the cause of the high temperatures recorded. No doubt dirty
flues may be the partial cause in a few eases, though in general
the conditions in this respect were fully as favorable in the
Louisiana as in the Cuban houses. In fact, in most of the
plants tested this was given attention before the tests were begun.
96 Louisiana Buli^etin No. 117
The evidence of high stack temperatures due to the high velocity
of the products of combustion with large air excess has already
been discussed. Referring to Col. 10, Table lY, we find that in
about 50%. of the furnaces the stack temperature was above
600" F—in fact, evidences other than the thermometer, men-
tioned above, indicate that in the majority of these the tempera-
ture was at least 700° F. This is particularly true of furnaces
Bi, El, G3, I], Ni, P-L and Pg. Of those furnaces in Louisiana
with temperatures which could be measured with the thermom-
eter the average is 540, the least being 420. In many of these,
however, the temperature of the furnace was quite low, so that
correspondingly low stack temperatures might be expected, other
things being equal.
In only one of the Cuban houses was the stack temperature
above 600° and that was in furnace T^. Exclusive of this one,
the average for the Cuban factories tested was 434°, varying
from 356° to 530°.
Ratio of Heating Surface to Grate Surface.
The reason for the great difference of the stack temperatures
in the Louisiana and Cuban houses is easily seen to be due to
the great difference in the amount of their heating surface. In
Column 5, Table IV, is recorded the data on this subject. The
average ratio of heating surface to grate surface in the Louisiana
houses is 42, while that for the Cuban houses, even after exclud-
ing furnaces Si, Y^, Y2 and Y3, which are not of the grate type,
is 90. Perhaps this same difference will be shown more clearly
from the data in Column 7, Table lY, the average weight of
bagasse burned per sq. ft. of heating surface per hour in Louis-
iana was 2.26 and that for Cuba was about 0.9. These figures
seem to show that the main cause for high stack temperatures
in the Loaisiana houses is due to overloaded heating surface.
This, it seems to the writer, is a matter of the greatest importance.
According to the evaporative test made on furnace Aj, the data
for which was given on page .
.
, it may be expected that 2.25
pounds of water will be evaporated per pound of bagasse burned
under ordinarily favorable conditions. Taking furnace Dj as an
example, there would be an equivalent evaporation of about
2.72 X 2.25 = 6.1 pounds of water per sq. ft. of heating surface
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per hour, whereas the normal evaporation should be in the
neighborhood of 3 pounds. There is little wonder that the stack
temperature is high under such conditions. Let us assume that
an equivalent evaporation of 3.5 instead of 3 pounds of water
per sq. ft. of heating surface per hour is permissible, then by
3.5
reversing the order of the above calculation we get 2 25
as the proper weight of bagasse per sq. ft. of heating surface
per hour. This would correspond to a ratio of heating surface
120
to grate surface of ^j-^ = 80, with a rate of combustion of 120,
which the results of our tests seem to indicate as possible and
advisable.
BoiLer Capacity.
The fact that the heating surface in many of the houses is
low means that the bagasse boilers are insufficient in capacity.
The following table gives some interesting comparative data
on the boiler horse power, etc., of a number of Cuban and Ha-
waiian houses, with which it will be profitable to compare the data
in Table I on the same subject. In this table horizontal return
tubular boilers are rated at 12 sq. ft. of heating surface per
horse power, and water tube boilers at 10 sq. ft. per horse
power. In making comparisons it should be remembered that
the figures on horse power in the table represent the total of the
factory, little fuel being used other than the bagasse except
when the mill is not running—that is, they should be compared
with the bagasse horse power in Table IV.
98 Louisiana Bulletin No. 117
i
J/:
'Is
,£3
^3 O
I
^
o o
a;
0) o
2 OD
Ratios
o
ne
o
o
02
3011
012
O
CO
<v
d m
2500 7 ft X 20 ft H.R.T.
1000 7 ft X 20 ft H.R.T.
900 6 ft4in x8 ftU.R.
2000
I
1250 6 ft X 20 'ft "h.R.t!
500 6
500
1000
1250
1077
1250
1250
000
162<S
7 ftx20 ft
ftx24 ft
7 ftxl8 ft
7 ftx20 ft
6 ftx20 ft
H.R.T.
H.R.T.
6 ftxl6 ft
)
500 6 ftxl8 ft \ H.R.T.
6 ftx20 ft
500 6 ft X 18 ft H.R.T.
7 f<iX20 ft
^ TT T.
6 ftxl8 ft S
B & W.
3750 B & W
Climax
H.R.T.
1250 B & W
500 B & W.
2500 Cimax...
B & W
B & W.
12
7
8
8
3
8
8
1
1
2
1
2
1
1
-4000
-1880
16
6.
8
5
2
6
10
()
4
80,000
17,500
18,580
18,000
12,000
14,728
9,707
6,785
7,740
6,188
14,050
18,660
14,994
88,000
29,160
80,000
11,600
60,000
50,000
20,000
88,894
296 2500
210 1458
192 1181
288
198 2700
164 1225
1.00
1.46
1.25
1.85
.98
]16
105
111
88
179
845
809 1.62 19.4
565 1.18
645 1.29
516 1.08
1171
1866
208 1826
256 8800 2,84
2.24180 2800
]obo808
98 1160 2.8
^.4680 ()000
144
100
245
1.17
1.49
1.25
2.4
OOO 2.4
2000 2.2
5828 2.82
12.0
17.5
15.1
15.0
11.78
18.5
15.5
12.87
14.0
14.9
14.64
28.46
28.8
24
28.224*"'
24
>2,2
28^45
.123
.210
.211
.242
. 182
.231
.211
.221
.176
.177
.279
.201
144
246
196
251
115
111
102.
88.3
70.7
61.7
89-0
88.6
64.6
70.1
70.8
79.0
54.0
75.3
063 843.0
162.
0
97.4
118.0
95.2
208.0
200.0
1571174.8*
Hawaii
Cuba
*This avcra^je does not include furnace 1 which is not of the grate type.
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In a 1000 tons per 24 hours plant, at 75% extraction, there
AYOuld be about 250 tons of bagasse per 24 hours, which is ap-
proximately 10 tons, or 20000 pounds, per hour. According to
data from the evaporative test this should evaporate, under
good conditions, 20000 X 2.25 = 50000 pounds of water from
50000
and at 212^ per hour, Vvhich is eciuivalent to ^"345"= ^^^^
boiler horse power, or, roughly, 1500 horse power. This would
give a ratio of boiler horse power to tons of cane per. 24 hours of
_^=1.5 for bagasse boilers. With 12 sq. ft. of heating sur-
face per horse power, 1500 X 12 = 18000 sq. ft. of heating
18000
surface and -^7^— = 225 sq. ft. of grate would be required.
Burning Oil and Bagasse Together in the Same Furnace.
This seems to be a question upon which many sugar houses
differ. The advantage of such an arrangement, as far as econo-
mic results are concerned, could only come by causing better
combustion than with bagasse alone. On a former page
tiie effect of the moisture in bagasse upon the chemical reactions
m the furnace, and the temperature of dissociation, were dis-
cussed at length, and the conclusion reached that in cases where
the temperatures are sufficiently high for dissociation a part
of the heat lost in converting the moisture into steam might
be recovered. Data gathered in our tests show that very high
temperatures may be attained in this manner; temperatures
h'gher than with either bagasse or oil alone. For example, in
one dutch oven furnace, where the burning of bagasse and oil
is the constant practice, temperatures of 2000° to 2400° were
found repeatedly. This should certainly be high enough for
dissociation. However, if this is practiced, care will have to be
exercised to prevent overloading the heating surface from the
high temperatures produced in the furnace.
An example may be shown in the furnace, P,, just referred
to fjoove, in which the rate of combustion of bagasse was about
6^). riic stack temperature in the neighborhood of 700° F. and the
raLio of heating surface to grate surface 40. This factory con-
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Slimed during the season about 5 gallons of oil per ton of cane
aud the usual grinding is about 1400 tons per 24 hours. It is
difficult to even approximate the proportion of the oil that was
burned with the bagasse, but let us assume that it was 3 gailous
per ton of cane. In 24 hours there would be, say, 1400 X -25 =
350 Ions of bagasse and 3 X 1400 = 4200 gallons of oil burned
together. 4200 gallons of oil, according to Table A, would be
equivalent to 4200 X 60.5 = 214000 pounds, or 107 tons, of
bagasse. The total bagasse equivalent would therefore be 350
-f 107 = 457 tons per 24 hours, or about 38000 pounds per
hour. This would evaporate, say, 38000 X 2.25 = 85500 pounds
of water from and at 212° per hour. The total heating surface
85500
of the bagasse boilers being 17520 sq. ft. we have
27-^20
^ = ^
pounds of water from and at 212° per sq. ft. of heating sur-
face per hour. This is evidently above normal. The use of oil,
therefore, with boilers deficient in heating surface for bagasse
alone, can only aggravate the overloading.
In nearly all cases where oil burners were started with ba-
gasse already burning, the per cent excess air was found to de-
crease. This was no doubt due to the fact that the quantity of
combustion in the furnace was increased without increasing the
quantity of air supplied.
Forms and Types of Furnaces.
The data from the tests seems to throw little light upon this
matter as far as combustion is concerned, though the opportuni-
ties afforded for comparison of the different types through gen-
eral observation were considerable. It is not difficult to select
the furnaces which were doing the best work by examination of
the data in the tables, but the characteristics distinguishing
these from the less efficient furnaces were, in the main, those
of proportions of heating surface, grate surface, rate of com-
bustion, air supply, etc., rather than of form and type. Furnaces
A„ Fig. I; E„ Fig. V; G,. Fig. I; J„ Fig. YIII; M„ Fig. XI;
Ni, Fig. XIII; 0„ Fig. IX; P, and P^, Fig. X; S„ Fig. XV; T„
Fig. XVI; V, and V^, Fig. XV and W^, Fig. XVIII, judging
from the furnace temperatures and flue gas analyses, also from
general observation, were burning fuel more efficiently than the
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average. As stated above, however, much of this is due to pro-
portions rather than type and form.
The general requirements of a good bagasse burning furnace
were discussed on pages . . to .
.
, the essentials being a com-
bustion chamber as completely enclosed within brick walls as
possible and large enough to burn the gases; means for mixing
the air and products, and the completion of their combustion
before they reach the heating surface. It is evident that the
oven furnace may best provide for all of these with the possible
exception of the mixing of the products.
The oven furnace shown in Fig. I provides well for mixing
the gases by means of the restricted passage from the oven
(bottle neck). Air entering through the feed hopper can hardly
pass through without mixing thoroughly with the products.
This prevents the cooling of stratas of unburned gases near the
top of the furnace below the burning temperature. This furnace
also fulfills the requirements as to volume of combustion cham-
ber and the locality at which combustion takes place.
The furnaces shown in Figures IV, VI, VII, VIII, IX, X,
XII, XVI, all of the dutch oven type, fulfill the requirements
named above except that there is no special arrangement for
mixing the products as they leave the oven except the restricted
passage. In all these furunaces there is danger, especially with
natural draft, of stratas of cold air at the top of the furnace
causing the gases there to be cooled below the burning tempera-
ture by the cold air coming in through the hopper. This could be
remedied by placing a baffle plate similar in form and situation
to that at the top of the furnace in Fig. XIV. This gives the
current of air from the hopper a direction at right angles to
that of the gases from the fuel bed, which naturally facilitates
their mixture, preventing stratas. The form shown in Fig. IX
has some advantage over the others named in this respect. In
all of these, in the opinion of the writer, the form back of the
bridge wall makes little difference from the economic point of
view, though some are more convenient for handling the accumu-
lations of soot and ashes than others.
The furnaces shown in Figures II, III, XIII, and XVII, in
all of which the fuel is burned directly under horizontal return
tubular boilers, do not fully meet the requirements stated above
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in that there is in most of them relatively small combustion
chambers and which, instead of being entirely surrounded by
fire brick walls, have for their top, metal water cooled surfaces,
the low temperature of which, with the stratas of cool air,
from the feed hoppers, may cause a portion of the gases to remain
unburned.. It should be noted that the furnace shown in Fig.
XVII differs from the others of its class in that there is an un-
usually great depth of combustion chamber, the distance from the
grate to the boiler being 8 feet, whereas this distance in the
others is from 4 feet to 1 feet and a half. This is undoubtedly a
superior arrangement, as the observations taken during the tests
upon it show. The designer of this furnace, who also operates
it, states that in his opinion the distance mentioned could well be
increased to 10 feet. It will be seen also that this boiler has
three passes for the products of combustion instead of the
usual two.
In Fig. V we have a furnace of the hearth type which ful
fills Avell the requirements as to size of combustion chamber, the
height being 8'—8". This is a good furnace and one of com-
paratively simple construction. It will be noted that the dis-
tance from the top of the bridge wall to the boiler is only 12'', a
smaller distance than is usual, which, within reasonable limits,
is of advantage in mixing, the gases.
The furnace shown in Fig. XI is similar to that of Fig. V,
except that the air is supplied through hollow blast grate bars
at the ground level, in addition to that through the tuyeres at
the side and back of the furnace. This furnace gave a very high
furnace temperature, the front casting being at times red hot.
The result of this was the cracking of this casting in many
places.
In Fig. XIV we have the step grate form of the dutch oven
furnace. Air is supplied through the spaces between the bars
forming the steps and through four tuyeres C from the duct B-
which is open to the atmosphere at the ends. In this manner
air from two directions at right angles to each other is supplied,
thus bringing about good mixing. The object of the baffle plate
at the top has already been discussed. The angle of the grate is
such as to cause the bagasse to roll downward just fast enough
to keep the steps and the grates at the bottom just covered and
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without piling up on the latter. This furnace
is very sensitive
and seems to require, at least with bagasse
having much mois-
ture much attention, otherwise the fuel does
not burn evenly
upon the grate, piling in places and burning
through m large
holes at others, which is, of course, very
prejudicial to efacient
combustion. Furnaces of this type were tested
at factories R and
V that at factory R doing much better because
of the better
bagasse and more even supply to the hopper.
This type of fur-
nace originated and has been very successful
in Hawan, where,
however, unusually good mill work is done and
where the mois-
ture in the bagasse is quite low. It is to be
hoped that by changes
in the length of the drying plate at the
upper end of the grate
or in the angle of the grate better success
may be reached witb
bagasse of high moisture.
Fig XV shows the Cook furnace, which is of the hearth type.
Bagasse falls into the retort B and air is supplied to it
from
the brick chamber A through tuyeres, under pressure.
Ihe
products rise and divide into two streams, which supply
heat
to two Babcock & Wilcox boilers. This furnace
gives excellent
results, though it is very expensive to build and has so
far been
applied to the B. & W. boiler only. It is particularly
well ar-
ranged for complete combustion of the products
before they
reach the heating surface, and for good mixing. The
furnace
is entirely closed, all air being supplied by the blower,
so that
there is little surplus air, the result being very high
temperatures,
as shown by the tests. There being no metal grates
and little
iron in the furnaces, these high temperatures are
well withstood.
Fig. XVI shows an unusual form in that the grate is round.
The air supply is by natural draft only, which was
sufacient to
burn about 170 pounds of bagasse per sq. ft. of grate
per hour
The circular grate tends to give a uniform thickness of
fuel bed
and is convenient for cleaning out clinkers, as there
are three
fire doors at angles of 120°. The long, downward-inclined
pas-
sage between furnace and boiler makes an admirable
mixing
device. Very high temperatures and little air excess were
found
in this furnace.
In Fig. XVIII we have a very superior furnace m connection
with a Babcock & Wilcox boiler, the air supply being
pre-heated
by the flue gases on its way from the blower to the
furnace. The
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air passes to the furnace through tuyeres, as shown in the sketch.
This furnace, in addition to the other requirements, has an ex-
cellent mixing device in a baffle plate which deflects the gases
and air downward as they leave the fuel chamber, the sharp
turn given at the end of this plate insuring a thorough mixture.
The gases may be seen to burst into flame as they pass this pomt,
where they mix with the air coming through the feed hopper.
Very high temperatures and small air excess were also found in
this furnace.
Finally, with reference to the form and type of furnaces,
the observations made, as well as the data gathered, 'show that
a great deal depends upon the intelligence with which a furnace
is operated, as well as upon the proportions, and that most any
type, if well designed and operated, will give good results.
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SUMMARY OF CONCLUSIONS.
An equivalent evaporation of 214 pounds of water per pound
of bagasse as fired with an overload of 24% was found in the
evaporation test.
The heat value of dry bagasse per pound varies within very
small limits, the average being 8375 B. T. U. This difference in
heat value seems to be due principally to the difference in ash
contained.
On account of the porous, air-containing quality of bagasse^
there is seldom a formation of carbon dioxide in bagasse furnaces.
The problem, therefore, seems to be the reduction of air excess.
A flue gas analysis with an air excess low enough to be con-
sidered good if coming from a coal furnace may not be considered
so for bagasse, as the air excess may be lower for the latter, 50%
excess, or less, being sufficient.
The sum of the flue gas components, COg -|- 0 + CO, on
account of other constituents contained, often falls considerably
below the theoretical 21.
The fiue gas analyses with the Orsat apparatus do not seem
to show anything as to any differences in combustion taking
place in ordinary and dutch oven furnaces.
The rate of combustion in the tests varied from 44 to 197.
The per cent of excess air varies inversely with the rate of
combustion.
The best results were obtained with high rates of com-
bustion. The rate should be at least 100, though the best results
came with rates higher than this.
With large rates of combustion the furnace temperatures
are higher, the air excess less and with other things equal the
stack temperature is less.
Higher furnace temperatures and better combustion results
with deep fuel beds, even at the edges.
The rate of combustion can be made as desired (within rea-
sonable limits) provided the proper quantity and pressure of air
is supplied.
The pressure of the air supplied by blowers was found to
vary widely in different plants, being from 1.1 to 10.1 inches
of water.
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In combined natural and forced draft plants a relatively
- small part of the air is supplied by the blower. Data from the
tests shows 7.5 to 68.4 cu. ft. per pound of dry bagasse, average
33.4: cu. ft.
Flue dampers can be used to advantage, especially with rates
of combustion below that for which a furnace is designed, in
reducing the loss due to excess air.
Large; excess of air causes high stack temperatures.
''Balanced furnace draft" results in lower stack tempera-
tures, higher furnace temperatures and better mixture of the
products.
Abnormally high stack temperatures were found in a major-
ity of the Louisiana houses, sometimes as high as 700° and above.
High stack temperatures do not result from combustion of CO
to CO2 in bagasse burning, but, in most cases, from overloaded
heating surface.
In many cases 6 or more pounds of water are evaporated
from and at '212° per sq. ft. of heating surface per hour.
Not more than 1.5 pounds of bagasse should be burned under
ordinary conditions per sq. ft. of heating surface per hour.
The boiler capacities per ton of cane per 24 hours are less in
Louisiana houses than in Cuba or Hawaii.
Not less than 1.5 boiler horse power should be provided per
ton of cane per 24 hours.
The burning of oil together with bagasse may result in higher
furnace temperatures than with either of them alone, also in
better combustion, if the furnace is of proper design, but care
must be taken to prevent overloading the heating surface.
A good working furnace depends more upon the proportion
of heating surface to grate surface, rate of combustion and other
matters of design and operation than upon the form or type.
Higher temperatures are produced in the separate oven than
in the ordinary grate type.
In the ordinary grate type much of the advantage of the oven
type may be secured by increasing the distance from grate to
boiler.
